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Oderu Vxsso| dqg Pdwfklqj Udwhv iru
Zhoiduh Uhflslhqwv= Dq Dqdo|vlv Xvlqj
Qhljkerukrrg Fkdudfwhulvwlfv
Edv ydq ghu Noddxz 




Wklv sdshu lqyhvwljdwhv krz lq dgglwlrq wr shuvrqdo fkdudfwhulvwlfv wkh
qhljkerukrrg dhfwv wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr zrun1
Zh xvh d xqltxh dgplqlvwudwlyh gdwdedvh rq zhoiduh uhflslhqwv lq Urwwhu0
gdp/ wkh vhfrqg odujhvw flw| ri Wkh Qhwkhuodqgv1 Zh qg wkdw wkh h{lw
udwh wr zrun ri |rxqj Gxwfk zhoiduh uhflslhqwv lv lq xhqfhg e| wkh qhljk0
erukrrg xqhpsor|phqw udwh1 Rwkhu qhljkerukrrg fkdudfwhulvwlfv vxfk dv
wkh dyhudjh krxvlqj sulfh duh qrw lpsruwdqw1 Iurp wklv zh frqfoxgh wkdw
iru |rxqj Gxwfk zhoiduh uhflslhqwv d kljk orfdo xqhpsor|phqw udwh kdv d
qhjdwlyh vslooryhu hhfw rq wkh wudqvlwlrq iurp zhoiduh wr zrun1
Iuhh Xqlyhuvlw| Dpvwhugdp dqg Wlqehujhq Lqvwlwxwh1
Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Iuhh Xqlyhuvlw| Dpvwhugdp/ Gh Erhohoddq 4438/
QO43;4 KY Dpvwhugdp/ Wkh Qhwkhuodqgv1
|FhqwHU iru Hfrqrplf Uhvhdufk/ Wloexuj Xqlyhuvlw|/ Lqvwlwxwh iru Oderu Vwxglhv +RVD,
dqg FHSU1
Nh|zrugv= zhoiduh wr zrun/ xqhpsor|phqw gxudwlrq/ vslooryhuv1
Zh duh judwhixo wr wkh Zhoiduh Djhqf| +Glhqvw Vrfldoh ]dnhq hq Zhunjhohjhqkhlg, ri
Urwwhugdp/ dqg Gddq Vsdqqhqehuj lq sduwlfxodu/ iru nlqgo| surylglqj wkh lqglylgxdo gdwd dqg
wr wkh Fhqwhu ri Uhvhdufk dqg Vwdwlvwlfv +Fhqwuxp yrru Rqghu}rhn hq Vwdwlvwlhn, ri Urwwhugdp
iru surylglqj wkh qhljkerukrrg vwdwlvwlfv1
4 Lqwurgxfwlrq
Lq pdq| RHFG frxqwulhv/ wkh udwh dw zklfk zhoiduh uhflslhqwv ohdyh zhoiduh lv yhu|
orz/ hyhq wkrxjk zhoiduh surjudpv glhu vxevwdqwldoo| ehwzhhq frxqwulhv1 Lq wkh
X1V1 zhoiduh lv w|slfdoo| xvhg wr vxssruw vlqjoh0sduhqw krxvhkrogv/ zkhuhdv lq Hx0
urshdq frxqwulhv zhoiduh lv dovr xvhg wr vxssruw orqj0whup xqhpsor|hg zrunhuv14
Zhoiduh +ru vrfldo dvvlvwdqfh, wkhq dfwv dv d vdihw| qhw iru wkrvh xqhpsor|hg
zrunhuv zkr duh qrw hqwlwohg +dq|pruh, wr dq| rwkhu vrfldo vhfxulw| ehqhwv olnh
xqhpsor|phqw lqvxudqfh +XL, ehqhwv ru glvdelolw| ehqhwv1
Zhoiduh uhflslhqwv rq dyhudjh kdyh orz vnloov/ l1h1 orz vnloohg xqhpsor|hg
zrunhuv duh qrw rqo| ryhuuhsuhvhqwhg lq wkh lq rz lqwr zhoiduh/ exw dovr kdyh rq
dyhudjh orqjhu gxudwlrqv ri froohfwlqj zhoiduh ehqhwv1 Riwhq orz vnloohg zrunhuv
olyh frqfhqwudwhg lq srru duhdv ri wkh flw|1 Wrsd +4<<:, vkrzv wkdw xqhpsor|phqw
lq Fklfdjr lv jhrjudsklfdoo| frqfhqwudwhg lq d ihz duhdv dqg wkdw wkh lqglylgxdo
hpsor|phqw vwdwxv qrw rqo| ghshqgv rq lqglylgxdo fkdudfwhulvwlfv exw dovr rq wkh
fkdudfwhulvwlfv ri qhljkeruv1 Wkhvh vslooryhu hhfwv vhhp wr eh vwurqjhu iru pruh
glvdgydqwdjhg zrunhuv/ zklfk vxjjhvwv wkdw qhljkerukrrg hhfwv duh sduwlfxodu
uhohydqw iru zhoiduh uhflslhqwv dv wklv jurxs ri zrunhuv lv w|slfdoo| wkrxjkw wr
frqwdlq wkh prvw glvdgydqwdjhg zrunhuv1 Vlplodu uhvxowv iru wkh X1V1 duh irxqg
e| Fxwohu dqg Jodhvhu +4<<:, zkr vwxg| wkh frqvhtxhqfhv ri udfldo vhjuhjdwlrq1
Wklv sdshu lqyhvwljdwhv wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr zrun
xvlqj plfur gdwd rq Urwwhugdp/ wkh vhfrqg odujhvw flw| lq Wkh Qhwkhuodqgv1 Zh
duh qrw rqo| lqwhuhvwhg lq lqglylgxdo fkdudfwhulvwlfv wkdw ghwhuplqh wkh h{lw udwh
wr zrun/ exw zh dovr dqdo|}h wkh uhohydqfh ri qhljkerukrrg hhfwv1 Dowkrxjk qrw
dv vwulnlqj dv lq wkh X1V1/ lq Wkh Qhwkhuodqgv wkh orqj0whup xqhpsor|hg zrunhuv
duh qrw htxdoo| glvwulexwhg ryhu doo qhljkerukrrgv ri wkh flw|1 Zhoiduh uhflslhqwv
zlwk lghqwlfdo revhuyhg fkdudfwhulvwlfv olylqj lq glhuhqw qhljkerukrrgv pd| kdyh
glhuhqw lqglylgxdo wudqvlwlrq udwhv gxh wr ghpdqg dqg vxsso| vlgh frqglwlrqv uh0
odwhg wr wkh qhljkerukrrg1 Urwwhugdp lv glylghg lqwr durxqg ;3 qhljkerukrrgv
zlwk prvw ri wkh hfrqrplf dfwlylw| frqfhqwudwhg lq d vpdoo qxpehu ri vsduvho|
srsxodwhg qhljkerukrrgv durxqg wkh kdueru duhd1 Wkh ghqvho| srsxodwhg qhljk0
erukrrgv duh doo lq wkh lqqhu0flw| ri Urwwhugdp/ zklfk lv d uhodwlyho| vpdoo duhd ri
durxqg 433 vtxduh nlorphwhuv1 Wkhuh duh vxevwdqwldo glhuhqfhv ehwzhhq qhljk0
4Hxurshdq oderu pdunhwv duh fkdudfwhul}hg e| d orz lq rz lqwr xqhpsor|phqw dqg d kljk
dyhudjh gxudwlrq ri xqhpsor|phqw +vhh Ehdq/ 4<<7/ dqg Od|dug/ Qlfnhoo dqg Mdfnpdq/ 4<<4/
iru vxuyh|v,1
4
erukrrgv lq wkh lqqhu0flw|1 Wkh qhljkerukrrg shufhqwdjh ri lqglylgxdov froohfwlqj
vrfldo vhfxulw| ehqhwv udqjhv iurp doprvw 3( wr durxqg 53( +vhh Iljxuh BB,1
Zkhuhdv lq ohvv wkdq 63( ri wkh qhljkerukrrgv wkh xqhpsor|phqw udwh lv odujhu
wkdq 48(/ pruh wkdq 83( ri wkh zhoiduh uhflslhqwv olyhv lq vxfk d qhljkerukrrg1
Ghpdqg vlgh frqglwlrqv olnh orfdo oderu pdunhw frqglwlrqv duh qrw yhu| olnho|
wr dhfw wkh lqglylgxdo wudqvlwlrq udwhv iurp zhoiduh wr zrun1 Wkh jhrjudsklfdo
glvwdqfhv ehwzhhq wkh ghqvho| srsxodwhg qhljkerukrrgv dqg wkh duhdv zlwk prvw
ri wkh hfrqrplf dfwlylw| duh vpdoo/ l1h1 frppxwlqj frvwv duh orz1 Lw vhhpv pruh
olnho| wkdw qhljkerukrrg hhfwv duh fdxvhg e| wkh vxsso| vlgh1 Vxsso| vlgh gli0
ihuhqfhv ehwzhhq qhljkerukrrgv h{lvw li lqglylgxdov zlwk vlplodu fkdudfwhulvwlfv
suhihu wr olyh lq wkh vdph qhljkerukrrg ru li wkh lqglylgxdo mre vhdufk ehkdylru
lv dhfwhg e| qhljkeruv1 Lq hfrqrplf olwhudwxuh wzr pdlq h{sodqdwlrqv duh jlyhq
iru wkh odwwhu srlqw1 Iluvw/ lqglylgxdov pd| lplwdwh wkh ehkdylru ri vxffhvvixo ru
ehwwhu lqiruphg qhljkeruv +Edod dqg Jr|do/ 4<<;> Hvkho/ Vdpxhovrq dqg Vkdnhg/
4<<;,1 Dqg vhfrqg/ lqglylgxdov pd| wudqvplw lqirupdwlrq rq ydfdqflhv wr hdfk
rwkhu/ l1h1 uhihuudo ru lqirupdo mre vhdufk +Kro}hu/ 4<;;> Nrqlqj/ Ydq ghq Ehuj
dqg Ulgghu/ 4<<:> Prqwjrphu|/ 4<<4> Wrsd/ 4<<:,1
Pdqvnl +4<<6/ 4<<8, vwuhvvhv wkh sureohpv dulvlqj zlwk lghqwli|lqj qhljkeru0
krrg hhfwv1 Rqo| lq fdvh wkh uhvhdufkhu kdv sulru lqirupdwlrq vshfli|lqj wkh
frpsrvlwlrq ri d uhihuhqfh jurxs lqihuhqfh rq wkh phfkdqlvpv wkurxjk zklfk wkh
qhljkerukrrg dhfwv oderu pdunhw rxwfrphv lv srvvleoh1 Xvlqj d uhgxfhg0irup
hpslulfdo dqdo|vlv ri vlqjoh0vshoo plfur gxudwlrq gdwd lw lv qrw srvvleoh wr pdnh d
gluhfw glvwlqfwlrq ehwzhhq wkh deryh phqwlrqhg qhljkerukrrg hhfwv1 Krzhyhu/
wkh hvwlpdwlrq uhvxowv pd| h{sodlq wkh h{whqg wr zklfk qhljkerukrrg fkdudfwhu0
lvwlfv/ olnh hfrqrplf/ ghprjudsklf dqg vrfldo fkdudfwhulvwlfv duh lq xhqflqj wkh
lqglylgxdo udwh dw zklfk zrun lv irxqg1 Orfdo oderu pdunhw hhfwv duh luuhohydqw lq
rxu fdvh ehfdxvh ri wkh vpdoo jhrjudsklfdo glvwdqfhv ehwzhhq wkh qhljkerukrrgv1
Zh dujxh wkdw vslooryhu hhfwv duh phdvxuhg e| wkh orfdo xqhpsor|phqw udwhv
dqg vhohfwlrq hhfwv duh uhodwhg wr glhuhqfhv lq krxvlqj sulfhv1 Wklv lv qrw d
vwulfw lghqwlfdwlrq1 Krzhyhu/ hvshfldoo| iru |rxqj lqglylgxdov zkr duh wkh prvw
preloh/ krxvlqj sulfhv duh lpsruwdqw zkhq fkrrvlqj wkh qhljkerukrrg wr olyh1
Vlqfh zh qg wkdw orfdo xqhpsor|phqw udwhv gr pdwwhu dqg orfdo krxvlqj sulfhv
gr qrw/ vslooryhu hhfwv vhhp wr eh lpsruwdqw dqg vhohfwlrq hhfwv luuhohydqw1
Wkh uhohydqw hpslulfdo olwhudwxuh fdq eh glylghg lqwr olwhudwxuh rq qhljkeru0
krrg hhfwv dqg olwhudwxuh rq uhihuudo mre vhdufk1 Wkh vwxg| prvw vlplodu wr rxuv
lv Kr|qhv +4<<9,/ zkr xvhv plfur gxudwlrq gdwd wr vkrz wkdw wkh uroh ri wkh
5
orfdo oderu pdunhw lv sduwlfxodu lpsruwdqw zlwk uhvshfw wr wkh gxudwlrq wkdw idp0
lolhv uhfhlyh DIGF +Dlg wr Idplolhv zlwk Ghshqghqw Fkloguhq, ehqhwv1 Dqrwkhu
vwxg| rq krz wkh qhljkerukrrg dhfwv wkh lqglylgxdo hpsor|phqw vwdwxv lv e|
Wrsd +4<<:, zkr dqdo|}hv gdwd rq wudfwv lq Fklfdjr dqg qgv wkdw vslooryhuv duh
vwurqjhu iru duhdv zlwk pruh glvdgydqwdjhg zrunhuv1 Fdvh dqg Ndw} +4<<4, dqg
R*Uhjdq dqg Txljoh| +4<<;, vkrz wkdw wkh qhljkerukrrg frpsrvlwlrq pdwwhuv
zkhq ghwhuplqlqj wkh |rxwk hpsor|phqw vwdwxv1 D kljkhu xqhpsor|phqw udwh
ghfuhdvhv wkh lqglylgxdo hpsor|phqw suredelolwlhv1 Pd|hu dqg Mhqfnv +4<;<, jlyh
dq ryhuylhz ri wkh olwhudwxuh rq krz wkh qhljkerukrrg dhfwv wkh lqkdelwdqw*v
ehkdylru/ iru h{dpsoh lq fdvh ri vfkrro dfklhyhphqw/ fulph/ vxffhvv lq wkh oderu
pdunhw/ hwfhwhud1
Kro}hu +4<;;, qgv wkdw mre uhihuudo lv wkh prvw iuhtxhqw dqg prvw h!flhqw
vhdufk phwkrg xvhg e| |rxwk xqhpsor|hg zrunhuv1 Dq rssrvlwh uhvxow lv irxqg
e| Eodx dqg Ureelqv +4<<3,/ zkr vxjjhvw wkdw uhihuudo mre vhdufk lv sduwlfxodu
uhohydqw wr hpsor|hg mre vhdufkhuv/ exw doprvw qhjoljleoh wr xqhpsor|hg zrunhuv1
Nrqlqj/ Ydq ghq Ehuj dqg Ulgghu +4<<:, zkr dqdo|}h Gxwfk gdwd qg wkdw wkh
glvwlqfwlrq ehwzhhq irupdo dqg lqirupdo mre vhdufk lv odujho| luuhohydqw1 Vlplodu
uhvxowv rq Wkh Qhwkhuodqgv duh irxqg e| Olqgherrp dqg Ydq Rxuv +4<<6,1
Lq wkh hpslulfdo dqdo|vlv ri wklv sdshu zh xvh d Pl{hg Sursruwlrqdo Kd}dug
vshflfdwlrq1 Wkh h{lw udwh rxw ri zhoiduh lqwr hpsor|phqw lv doorzhg wr ghshqg
rq revhuyhg h{sodqdwru| yduldeohv/ erwk lqglylgxdo fkdudfwhulvwlfv dqg qhljkeru0
krrg fkdudfwhulvwlfv/ rq wkh hodsvhg xqhpsor|phqw gxudwlrq/ dqg rq xqrevhuyhg
ghwhuplqdqwv1 Iru wkh gxudwlrq ghshqghqfh zh wdnh d  h{leoh slhfhzlvh frqvwdqw
vshflfdwlrq1 Wr hvwlpdwh wkh prgho zh xvh wkuhh glhuhqw vxevdpsohv ri zhoiduh
uhflslhqwv> Gxwfk mre orvhuv/ qrq0Gxwfk mre orvhuv dqg Gxwfk vfkrro ohdyhuv1 Wkh
vdpsoh ri qrq0Gxwfk vfkrro ohdyhuv lv wrr vpdoo wr lqyhvwljdwh1
Wkh rxwolqh ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 jlyhv d vkruw ghvfulswlrq ri
wkh Gxwfk zhoiduh v|vwhp1 Lq Vhfwlrq 6 zh glvfxvv vrph wkhruhwlfdo edfnjurxqg
rq krz wkh qhljkerukrrg pljkw dhfw wkh lqglylgxdo wudqvlwlrq udwh iurp zho0
iduh wr zrun dqg zh suhvhqw rxu vwdwlvwlfdo prgho1 Vhfwlrq 7 glvfxvvhv wkh xqltxh
gdwdedvh zh xvh wr hvwlpdwh wkh prgho1 Wklv gdwdedvh fryhuv doo xqhpsor|hg lqgl0
ylgxdov zkr vwduwhg wr froohfw zhoiduh ehqhwv lq Urwwhugdp lq 4<<7 dqg frqwdlqv
lqirupdwlrq derxw wkhp xqwlo wkh| ohiw wkh zhoiduh v|vwhp ru xqwlo Rfwrehu 4<<9/
zklfkhyhu rffxuuhg uvw1 H{fhsw iru lqglylgxdo fkdudfwhulvwlfv zh dovr revhuyh
wkh zhoiduh uhflslhqw*v qhljkerukrrg/ zklfk lv olqnhg wr d vhsdudwh gdwdedvh frq0
wdlqlqj lqirupdwlrq rq vwdwlvwlfv ri hdfk qhljkerukrrg lq Urwwhugdp1 Lq Vhfwlrq
6
8 zh suhvhqw wkh hvwlpdwlrq uhvxowv1 Vhfwlrq 9 frqfoxghv1
5 Zhoiduh uhflslhqwv lq Wkh Qhwkhuodqgv
Lq wklv vhfwlrq zh ghvfuleh vrph lqvwlwxwlrqdo dvshfwv ri wkh Gxwfk zhoiduh +ru
vrfldo dvvlvwdqfh, v|vwhp lq wkh plg04<<3v1 Lw lv qrw rxu lqwhqwlrq wr jlyh dq
h{kdxvwlyh ghvfulswlrq ri wkh v|vwhp1 Lqvwhdg/ zh h{sodlq wkh edvlf vwuxfwxuh15
Wkh Qhwkhuodqgv kdv derxw 49 ploolrq lqkdelwdqwv ri zklfk 9 ploolrq duh hp0
sor|hg zrunhuv1 Zhoiduh ehqhwv vxssruw shrsoh zlwkrxw lqfrph zkr duh qrw
hqwlwohg wr dq| rwkhu vrfldo vhfxulw| ehqhwv1 Lq dgglwlrq/ wkh lqglylgxdo pxvw +,
eh ohjdoo| doorzhg wr vwd| lq Wkh Qhwkhuodqgv/ dqg +, eh ryhu 4; |hduv1 Lq 4<<7/
7;81333 lqglylgxdov zlwkrxw zrun uhfhlyhg zhoiduh ehqhwv1 Ri wkhvh/ 653/333 duh
frxqwhg dv xqhpsor|hg/ zklfk phdqv wkdw wkh| duh reoljhg wr vhdufk iru d mre1
Wkh uhpdlqlqj 498/333 lqglylgxdov uhfhlyhg zhoiduh ehqhwv zlwkrxw dq reoljdwlrq
wr vhdufk iru d mre1 Ri wkh odwwhu jurxs/ 88( ehorqjv wr d vlqjoh0sduhqw krxvhkrog
zlwk fkloguhq djhg ehorz 45 |hduv +zhoiduh iru wkh odwwhu w|sh ri lqglylgxdov lv
vlplodu wr DIGF lq wkh X1V1,1 Lq wkh vhtxho zh ljqruh wkh uhflslhqwv zkr gr qrw
kdyh dq reoljdwlrq wr vhdufk iru d mre/ vlqfh wkhlu mre qglqj udwh lv ghwhuplqhg lq
d yhu| glhuhqw zd| wkdq iru wkh rwkhu uhflslhqwv1 Iru vlpsolflw| zh zloo xvh wkh
whup zhoiduh uhflslhqw wr ghqrwh uhflslhqwv wkdw kdyh dq reoljdwlrq wr vhdufk
iru d mre1
Zhoiduh ehqhwv duh phdqv0whvwhg +wkh phdqv0whvw dovr uhodwhv wr lqfrph ri
d sduwqhu dqg rzqhuvkls ri dvvhwv olnh d krxvh,1 Frqfhuqlqj wkh ohyho ri ehq0
hwv wkhuh duh irxu krxvhkrog fdwhjrulhv16 Lq 4<<8/ wkh qhw ehqhwv ohyho iru d
wzr0sduhqw idplo| +l1h1/ d pduulhg frxsoh zlwk ru zlwkrxw fkloguhq, zdv derxw
4;33 Gxwfk jxloghuv shu prqwk17 Iru d vlqjoh0sduhqw idplo|/ wklv zdv derxw 4933
jxloghuv1 Ilqdoo|/ iru d vlqjoh lqglylgxdo djhg ryhu 56 lw zdv derxw 4583 jxloghuv/
zkhuhdv iru d vlqjoh lqglylgxdo djhg ehorz 56 lw zdv derxw <33 jxloghuv1 Pxqlfl0
sdolwlhv kdyh srzhu wr surylgh erqxvhv rq wrs ri wkh edvlf ehqhwv ohyho1
Lq 4<<7/ derxw 68( ri wkh zhoiduh uhflslhqwv kdg ehhq froohfwlqj zhoiduh ehqh0
5D pruh h{whqvlyh glvfxvvlrq fdq eh irxqg lq Ydq ghq Ehuj/ Ydq ghu Noddxz dqg Ydq Rxuv
+4<<;,1 Rxu ghvfulswlrq lv edvhg rq vrph sxeolfdwlrqv lq Gxwfk rq zhoiduh lq Wkh Qhwkhuodqgv
+Dqjhqhqw/ Erpphomì dqg Vfkhs/ 4<<6/ 4<<7> Dqjhqhqw dqg Ghq Khhwhq/ 4<<8,1
6Wkhuh duh d ihz rwkhu fdvhv wkdw duh ohvv frpprq> vhh h1j1 Ydq Dqgho dqg Erpphomì +4<<9,1
7Wkh h{fkdqjh udwh hduo| 4<<< lv derxw wzr jxloghuv iru rqh X1V1 groodu1 Rqh jxloghu lv derxw
3176 Hxur1
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wv iru dq xqlqwhuuxswhg gxudwlrq ri pruh wkdq 6 |hduv1 Ri wkh zhoiduh uhflslhqwv/
9;( lv vlqjoh/ 58( lv pduulhg dqg rqo| :( ehorqjv wr d vlqjoh0sduhqw idplo|1
Zhoiduh uhflslhqwv riwhq kdyh orz vnloov1 Wkh iudfwlrq ri lqglylgxdov zlwk sulpdu|
hgxfdwlrq lv 48( iru wkh zkroh oderu irufh exw 68( iru wkh zhoiduh uhflslhqwv1
Wkh djh vwuxfwxuh ri wkh srsxodwlrq ri zhoiduh uhflslhqwv lv derxw wkh vdph lq wkh
oderu irufh1
Lq whupv ri lq rz rqh pd| glvwlqjxlvk ehwzhhq wzr w|shv ri zhoiduh uhflslhqwv1
Wkh uvw w|sh frqfhuqv vfkrro ohdyhuv/ l1h1 zrunhuv zkr hqwhu xqhpsor|phqw diwhu
ohdylqj ixoo0wlph hgxfdwlrq1 Wkh vhfrqg w|sh frqfhuqv mre orvhuv/ l1h1 zrunhuv
zlwk d klvwru| ri oderu irufh dwwdfkphqw1 Wkh zrunhuv lq wklv jurxs kdyh hlwkhu
uxq rxw ri holjlelolw| iru XL ehqhwv ru qhyhu froohfwhg XL ehqhwv ehfdxvh wkh|
glg qrw phhw holjlelolw| fulwhuld dw wkh vwduw ri wkhlu xqhpsor|phqw vshoo1 Wkh
pd{lpxp gxudwlrq ri XL ehqhwv ghshqgv rq wkh hpsor|phqw klvwru| ri wkh
lqglylgxdo dqg udqjhv iurp 9 prqwkv wr 718 |hduv1 Qrwh wkdw wkh lqglylgxdov
hqwhulqj zhoiduh iurp XL duh d vhohfwlyh vdpsoh ri wkh lq rz lqwr XL1 Rq dyhudjh/
wkh pruh glvdgydqwdjhg zrunhuv hyhqwxdoo| pryh wr zhoiduh1 Lq wkh lq rz lqwr
zhoiduh/ wkh jurxs ri vfkrro ohdyhuv lv pxfk vpdoohu wkdq wkh jurxs ri mre orvhuv
+43( yhuvxv <3(,1 Wkhuh lv dovr d odujh glhuhqfh ehwzhhq wkh h{lw udwhv ri wkh
wzr jurxsv +98( dqg 68( zlwklq d |hdu/ uhvshfwlyho|8,1
D zhoiduh uhflslhqw kdv vhyhudo reoljdwlrqv lq rughu wr uhpdlq holjleoh iru d
ehqhw= kh kdv wr +, suhyhqw xqqhfhvvdu| mre orvv/ +, wdnh dfwlrqv wr suhyhqw
klp iurp vwd|lqj xqhpsor|hg/ vr kh kdv wr vhdufk iru d mre dqg dffhsw dssursuldwh
mre rhuv/ uhjlvwhu dw wkh sxeolf hpsor|phqw r!fh/ sduwlflsdwh lq hgxfdwlrq dqg
wudlqlqj/ hwfhwhud/ dqg +, nhhs wkh zhoiduh djhqf| lqiruphg derxw hyhu|wklqj
wkdw lv uhohydqw wr wkh sd|phqw ri zhoiduh ehqhwv1 D zhoiduh uhflslhqw zkr grhv
qrw frpso| zlwk wkhvh jxlgholqhv fdq eh lpsrvhg zlwk d vdqfwlrq lq wkh irup ri
d sxqlwlyh whpsrudu| uhgxfwlrq ri wkh zhoiduh ehqhwv +vhh Ydq ghq Ehuj/ Ydq
ghu Noddxz dqg Ydq Rxuv/ 4<<;,1
8Qrwh wkdw prvw zhoiduh uhflslhqwv xqghu 54 |hduv sduwlflsdwh lq |rxwk mre jxdudqwhh sur0
judpv diwhu kdylqj ehhq rq zhoiduh iru 9 prqwkv1
8
6 Vshflfdwlrq ri wkh vwdwlvwlfdo prgho
614 Wkhruhwlfdo edfnjurxqg
Lq wklv vhfwlrq zh suhvhqw wkh Pl{hg Sursruwlrqdo Kd}dug prgho wkdw zh xvh
lq wkh hpslulfdo dqdo|vlv1 Ehiruh jlylqj wkh rxwolqh ri wklv prgho zh uvw glv0
fxvv vrph k|srwkhvhv wkdw pd| h{sodlq zk| qhljkerukrrgv dhfw wkh lqglylgxdo
wudqvlwlrq udwh iurp zhoiduh wr zrun1 Dw wkh hqg ri wklv vhfwlrq zh frqvlghu wkh
sdudphwhul}dwlrq ri rxu prgho1
Wkh qhljkerukrrg pd| dhfw wkh ehkdylru ri lqglylgxdov lq pdq| zd|v1 Zh
irfxv rq wkuhh pdlq hhfwv/ orfdo oderu pdunhw hhfwv/ vslooryhu hhfwv dqg vhohf0
wlrq hhfwv1 Pdqvnl +4<<6, uhihuv wr wkhvh hhfwv dv h{rjhqrxv hhfwv/ hqgrjhqrxv
hhfwv dqg fruuhodwhg hhfwv/ uhvshfwlyho|1 Dw wkh hqg ri wklv vxevhfwlrq zh glvfxvv
wkh lghqwlfdwlrq ri wkhvh hhfwv1
Oderu pdunhwv lq glhuhqw uhjlrqv pd| eh lqghshqghqw hyhq li wkh| duh fkdu0
dfwhul}hg e| glhuhqw ghpdqg vlgh frqglwlrqv lq whupv ri zdjhv dqg dydlodeoh mre
rssruwxqlwlhv1 D orz jhrjudsklfdo zrunhu prelolw|/ riwhq fdxvhg e| kljk frvw ri
frppxwlqj idfhg e| wkh zrunhuv/ lv riwhq uhvsrqvleoh iru wklv1 Zrunhuv wkdw olyh
idu iurp duhdv zlwk d kljk hfrqrplf dfwlylw| pd| idfh kljk frppxwlqj frvwv/
zklfk lqfuhdvhv wkhlu uhvhuydwlrq zdjh1 Wkhq/ orfdo oderu pdunhw frqglwlrqv duh
dq lpsruwdqw ghwhuplqdqw ri orfdo xqhpsor|phqw1 Iru wkh X1V1 Kr|qhv +4<<9,
qgv wkdw orfdo oderu pdunhw frqglwlrqv/ olnh xqhpsor|phqw udwh/ kdyh dq lpsru0
wdqw hhfw rq wkh wudqvlwlrq udwh iurp zhoiduh +DIGF, wr zrun1
Zlwklq d qrqvwdwlrqdu| vwuxfwxudo mre vhdufk iudphzrun Ydq ghq Ehuj dqg
Jruwhu +4<<:, vwxg| wkh zloolqjqhvv wr sd| iru frppxwlqj wlph lq Wkh Qhwkhu0
odqgv1 Wkhlu hpslulfdo uhvxowv vkrz wkdw wkh glvxwlolw| ri frppxwlqj wlph lv orz
iru zrunhuv olylqj lq kljko| xuedql}hg duhdv dv frpsduhg wr uxudo duhdv dqg sduwlf0
xoduo| kljk iru ihpdohv zlwk ghshqghqw fkloguhq1 Wklv lqglfdwhv wkdw lq rxu vhwwlqj
lw lv yhu| xqolnho| wkdw orfdo oderu pdunhw frqglwlrqv dhfw lqglylgxdo wudqvlwlrq
udwhv iurp zhoiduh wr zrun1 Iluvw/ rxu gdwdedvh frqwdlqv zhoiduh uhflslhqwv lq
Urwwhugdp/ zklfk lv d kljko| xuedql}hg duhd1 Prvw ri wkh hfrqrplf dfwlylw| lq
dqg durxqg Urwwhugdp lv frqfhqwudwhg lv d vpdoo qxpehu ri vsduvho| srsxodwhg
qhljkerukrrgv1 Ehfdxvh wkh glvwdqfh ehwzhhq wkhvh duhdv dqg wkh ghqvho| srs0
xodwhg duhdv lv vpdoo/ frppxwlqj wlphv duh vkruw dqg wkhuhiruh wkh glvxwlolw| ri
frppxwlqj lv orz19 Dqg vhfrqg/ dv kdv ehhq phqwlrqhg lq Vhfwlrq 5 rxu gdwdedvh
9Wkh glvwdqfh wr wkh fhqwhu ri Urwwhugdp iurp dq| qhljkerukrrg lv dw prvw 9 nlorphwhuv
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rqo| frqwdlqv zhoiduh uhflslhqwv zlwk dq reoljdwlrq wr vhdufk iru d mre1 Ihpdohv
zlwk ghshqghqw fkloguhq/ zklfk lv wkh jurxs ri zrunhuv zlwk wkh kljkhvw glvxwlolw|
ri frppxwlqj/ duh qrw lq rxu gdwdedvh1 Vlqjoh ihpdohv zlwk ghshqghqw fkloguhq
gr qrw kdyh wkh reoljdwlrq wr vhdufk iru d mre dqg zkhq ihpdohv duh qrw vlqjoh/
prvw riwhq wkh kxvedqg zrunv ru lv wkh krxvhkrog phpehu holjleoh iru froohfwlqj
vrfldo vhfxulw| ehqhwv1
Lq hfrqrplf olwhudwxuh pdq| vwxglhv dgguhvv wkh lpsruwdqfh ri glvwlqjxlvklqj
ehwzhhq ydulrxv mre vhdufk phwkrgv1 Kro}hu +4<;;, lqwurgxfhg d glvfuhwh wlph
prgho zklfk lqyroyhv wkh fkrlfh ri wkh mre vhdufk phwkrg e| wkh xqhpsor|hg
zrunhu1 Dv wkh xqhpsor|hg zrunhu ghwhuplqhv wkh hruw ghqrwhg wr hdfk mre
vhdufk phwkrg/ mre rhu duulydo udwhv duh hqgrjhqrxv +vhh dovr Eodx dqg Urelqv/
4<<3,1 Wkh prvw iuhtxhqwo| xvhg glvwlqfwlrq lv ehwzhhq irupdo dqg lqirupdo mre
vhdufk +Nrqlqj/ Ydq ghq Ehuj dqg Ulgghu/ 4<<:> Prqwjrphu|/ 4<<4,1 Mre vhdufk
lv frqvlghuhg dv irupdo lq fdvh wkh zrunhu dssolhv iru d mre xvlqj irupdol}hg
vhdufk phwkrgv olnh shuvrqqho dgyhuwlvhphqwv dqg wkh sxeolf hpsor|phqw r!fh1
Lqirupdo vhdufk rffxuv zkhq iru h{dpsoh xqhpsor|hg zrunhuv uhfhlyh mre rhuv
wkurxjk uhihuudo e| dq hpsor|hg zrunhu/ d iulhqg ru d uhodwlyh1 Dq hvvhqwldo uh0
txluhphqw wr xvh lqirupdo mre vhdufk lv dq h{whqvlyh qhwzrun ri hpsor|hg uhodwlyhv
dqg iulhqgv1 Lqirupdo vhdufk fkdqqhov duh ohvv frvwo| lq wlph dqg prqh| wkdq iru0
pdo vhdufk fkdqqhov1 Ixuwkhupruh/ upv frqvlghu uhihuudov iurp wkhlu hpsor|hhv
dv pruh lqirupdwlyh dqg pruh uholdeoh1 Prqwjrphu| +4<<4, dujxhv wkdw lqirupdo
mre vhdufk doorzv upv wr jhqhudwh pruh surw1 Dqg zrunhuv zlwk d odujh vrfldo
qhwzrun xvh lqirupdo mre vhdufk ehfdxvh lw jhqhudwhv pruh lqfrph1 Wrsd +4<<:,
vxjjhvwv wkdw gxh wr edvlf lqvxudqfh prwlyhv rswlpdoo| ehkdylqj lqglylgxdov vkduh
lqirupdwlrq frqfhuqlqj ydfdqflhv zlwklq wkhlu vrfldo qhwzrun1 Lw lv lq wkh lqwhuhvw
ri hpsor|hg zrunhuv wr whoo uhodwlyhv dqg iulhqgv derxw mre rssruwxqlwlhv/ vr wkdw
li wkh zrunhu ehfrphv xqhpsor|hg wkhvh uhodwlyhv dqg iulhqgv zloo lq wxuq khos
klp qg d mre1
Lq fdvh zhoiduh uhflslhqwv dfwxdoo| xvh lqirupdo mre vhdufk phwkrgv/ qhljkeru0
krrg hhfwv duh rqo| revhuyhg li wkh vrfldo qhwzrunv odujho| frlqflgh zlwk wkh
qhljkerukrrg1 Xvlqj gdwd rq Wkh Qhwkhuodqgv Nrqlqj/ Ydq ghq Ehuj dqg Ulg0
ghu +4<<:, qg qr hylghqfh wkdw wkh fkrlfh ri vhdufk fkdqqhov lv hqgrjhqrxv dqg
wkh| gr qrw qg d zdjh dgydqwdjh ri lqirupdo mre vhdufk ryhu irupdo mre vhdufk1
+zklfk lv ohvv wkdq 7 plohv,/ zkloh wkh kdueru duhd fdq dozd|v eh uhdfkhg zlwklq dw prvw 43
nlorphwhuv1 Ixuwkhupruh/ Urwwhugdp kdv d zhoo rujdql}hg sxeolf wudqvsruw frqvlvwlqj ri wudpv/
exvvhv dqg d vxezd| qhwzrun1
:
Ehfdxvh kdylqj d odujh vrfldo qhwzrun grhv qrw lqfuhdvh wkh udwh dw zklfk mre
rhuv duulyh/ wkh| vxjjhvw wkdw wkh glvwlqfwlrq ehwzhhq irupdo dqg lqirupdo mre
vhdufk lv odujho| luuhohydqw1 Dovr xvlqj gdwd rq Wkh Qhwkhuodqgv Olqgherrp dqg
Ydq Rxuv +4<<6, qg wkdw lqirupdo mre vhdufk lv qrw yhu| uhohydqw wr xqhpsor|hg
zrunhuv1
Vlplodu nlqg ri qhljkerukrrg hhfwv h{lvw li lqglylgxdov lplwdwh wkh ehkdylru
ri wkhlu qhljkeruv1 Zlwklq wkh qhljkerukrrg vslooryhuv dulvh li lqglylgxdov frs|
ehkdylru ri vxffhvvixo ru ehwwhu lqiruphg qhljkeruv1 Vrph vwxglhv uhihu wr wklv
dv srvlwlyh uroh prghov zlwklq qhljkerukrrgv1 Lq d wkhruhwlfdo orfdo lqwhudfwlrq
prgho Hvkho/ Vdpxhovrq dqg Vkdnhg +4<<;, vkrz wkdw lq htxloleulxp glhuhqw
w|shv ri duhdv h{lvw1 Lq vrph duhdv dowuxlvwlf ehkdylru grplqdwhv/ lq rwkhu duhdv
hjrlvwlf ehkdylru1 Lq wkhlu prgho djhqwv qhhg wr ohduq zklfk dfwlrqv zrun zhoo1
Wkhq/ lplwdwlrq pd| eh dq lpsruwdqw wrro1 Djhqwv frs| wkh qhljkeruv* ehkdylru
lq fdvh wkh qhljkeruv rq dyhudjh jhqhudwh ehwwhu rxwfrphv1: Hvkho/ Vdpxhovrq
dqg Vkdnhg +4<<;, vwxg| lqglylgxdov lqyhvwlqj lq d sxeolf jrrg/ exw vrph ri wkh
uhvxowv pd| dovr krog iru wkh oderu pdunhw1 Dq dssolfdwlrq wr wkh oderu pdunhw
lv srvvleoh li iru h{dpsoh lqglylgxdo rxwfrphv uhihu wr zdjhv ru xqhpsor|phqw
gxudwlrq dqg lqyhvwlqj lq d sxeolf jrrg uhihuv wr wkh dprxqw ri vhdufk hruw1
Wkh qdo srvvleoh qhljkerukrrg hhfw zh glvfxvv uhvxowv iurp wkh hqgrjhqhlw|
ri orfdwlrq fkrlfh1 Lqglylgxdov pd| suhihu wr olyh lq qhljkerukrrgv zkhuh shrsoh
kdyh d vlplodu dwwlwxgh wrzdugv mreohvvqhvv ru kdyh vlplodu mre vhdufk ehkdylru1
Wklv pd| ohdg wr vhjuhjdwlrq +Vfkhoolqj/ 4<:4,1 Qhljkerukrrg hhfwv duh wkhq re0
vhuyhg dv d frqvhtxhqfh ri vhjuhjdwlrq1 Dq dowhuqdwlyh h{sodqdwlrq iru wklv w|sh ri
qhljkerukrrg hhfwv ruljlqdwhv zkhq lqglylgxdov fkrrvlqj d qhljkerukrrg wr olyh
dqwlflsdwh rq ixwxuh hduqlqjv1 Lqglylgxdov zlwk edg oderu pdunhw fkdudfwhulvwlfv
h{shfw orqj xqhpsor|phqw gxudwlrqv dqg orz ixwxuh lqfrphv1 Wkhuhiruh/ wkhvh
lqglylgxdov suredeo| suhihu wr olyh lq fkhds krxvhv1 Li fkhds krxvlqj lv frqfhq0
wudwhg lq fhuwdlq qhljkerukrrgv ri wkh flw| wkhq d kljk sursruwlrq ri lqglylgxdov
zlwk edg oderu pdunhw srvlwlrqv olyhv lq wkhvh qhljkerukrrgv1 Wkh qhljkerukrrg
hhfwv revhuyhg lq wklv fdvh duh qrw phuho| wkh uhvxow ri lqwhudfwlrq ehwzhhq lq0
glylgxdov/ exw duh udwkhu fdxvhg e| lqghshqghqw ehkdylru ri vlplodu lqglylgxdov1
Fxwohu dqg Fodhvhu +4<<:, fruuhfw iru hqgrjhqhlw| ri orfdwlrq fkrlfh e| frpsdu0
lqj wkh djjuhjdwhg rxwfrphv ri glhuhqw flwlhv1 Wkhlu hpslulfdo uhvxowv vkrz wkdw
:Edod dqg Jr|do +4<<;, vxjjhvw wkdw dovr wr xwlolw| pd{lpl}lqj djhqwv lw fdq eh rswlpdo wr
lplwdwh wkh ehkdylru ri rwkhuv/ iru h{dpsoh li ghflvlrq pdnlqj lv frvwo| ru djhqwv srvvhvv wkh
frpsxwdwlrqdo fdsdflw| iru frpsoh{ ghflvlrq pdnlqj1
;
d kljkhu ghjuhh ri udfldo vhjuhjdwlrq ohdgv wr vxevwdqwldoo| zruvh rxwfrphv iru
eodfnv1
Lq rxu vwxg| zh xvh furvv0qhljkerukrrg glhuhqfhv wr lghqwli| qhljkerukrrg
hhfwv1 Pdqvnl +4<<6, vwuhvvhv wkh olplwdwlrqv ri vwxg|lqj wkh qdwxuh ri wkhvh
hhfwv +vhh Pdqvnl/ 4<<8/ iru d pruh h{whqvlyh glvfxvvlrq rq wkh vxemhfw ri lghq0
wlfdwlrq sureohpv zlwklq wkhvh iudphzrunv,1 Zlwkrxw kdylqj d frqwuro jurxs
ri lqglylgxdov/ lw lv gl!fxow wr glvwlqjxlvk ehwzhhq wkh glhuhqw k|srwkhvhv wr
h{sodlq zk| qhljkerukrrgv dhfw wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr
zrun1 Deryh zh dujxhg wkdw glhuhqfhv lq orfdo oderu pdunhw frqglwlrqv duh yhu|
xqolnho| wkh fdxvh ri glhuhqfhv lq lqglylgxdo h{lw udwhv wr zrun1 Wkhuhiruh/ lq
sduwlfxodu/ zh duh ohiw zlwk glvwlqjxlvklqj ehwzhhq +, wkh hhfw ri qhljkerukrrgv
rq wkh ehkdylru ri lqglylgxdov +h1j1 lqirupdo mre vhdufk/ frs|lqj qhljkeruv* eh0
kdylru, dqg +, wkh lqglylgxdo vhohfwlrq ri wkh qhljkerukrrg1 Lq rxu hpslulfdo
dqdo|vlv zh fdq qrw pdnh d gluhfw glvwlqfwlrq ehwzhhq wkh frpshwlqj k|srwkhvhv1
Wr looxvwudwh wklv frqvlghu d fhuwdlq qhljkerukrrg lq zklfk krxvlqj lv fkhds dqg
wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr zrun lv orz1 Lq fdvh qrw doo uhohydqw
lqglylgxdo fkdudfwhulvwlfv duh revhuyhg/ lw lv hdv| wr vkrz wkdw erwk hduolhu vwdwhg
k|srwkhvhv pd| eh ydolg1 Dvvxph iru h{dpsoh wkdw prwlydwlrq wr vhdufk iru d
mre lv dq xqrevhuyhg lqglylgxdo fkdudfwhulvwlf1 Rq wkh rqh kdqg/ wkh lqglylgxdov
olylqj lq wkh vdph qhljkerukrrg pd| dhfw hdfk rwkhuv prwlydwlrq dqg wkhuhiruh
prvw ri wkh lqglylgxdo olylqj lq wklv qhljkerukrrg kdyh d orz prwlydwlrq1 Rq wkh
rwkhu kdqg/ ohvv prwlydwhg lqglylgxdov nqrz wkdw wkh| idfh orqj xqhpsor|phqw
vshoov dqg orz h{shfwhg ixwxuh hduqlqj1 Li lqglylgxdov wdnh wkhlu h{shfwhg ix0
wxuh hduqlqjv lqwr dffrxqw pdq| ohvv prwlydwhg lqglylgxdov olyh lq qhljkerukrrgv
zkhuh krxvlqj lv fkhds1 Dowkrxjk zh fdqqrw pdnh d gluhfw glvwlqfwlrq ehwzhhq
wkh dowhuqdwlyh k|srwkhvhv zh fdq gr lw lqgluhfwo| e| uhodwlqj glhuhqfhv lq h{lw
udwhv rxw ri zhoiduh wr glhuhqfhv lq qhljkerukrrg fkdudfwhulvwlfv1 Pruh vshfl0
fdoo|/ li wkh fkrlfh ri orfdwlrq lv uhohydqw zh h{shfw wkh dyhudjh sulfh ri krxvlqj
lq wkh qhljkerukrrg wr pdwwhu dqg li qhjdwlyh vslooryhu hhfwv duh uhohydqw zh
h{shfw wkh qhljkerukrrg xqhpsor|phqw udwh wr eh lpsruwdqw1
615 Wkh hpslulfdo prgho
Ehiruh glvfxvvlqj rxu hpslulfdo prgho lw lv xvhixo wr uvw jlyh d eulhi rxwolqh ri
rxu gdwd zkhuh wkh qh{w vhfwlrq jlyhv pruh ghwdlohg lqirupdwlrq1 Rxu gdwdedvh
frqvlvwv ri doo lqglylgxdov zkr vwduwhg froohfwlqj zhoiduh ehqhwv lq 4<<7 lq Urw0
<
whugdp1 Iru hdfk lqglylgxdo zh nqrz wkh suhflvh gxudwlrq ri zhoiduh/ xqohvv wkhuh
zdv uljkw0fhqvrulqj dw wkh hqg ri wkh revhuydwlrq shulrg/ zklfk lv Rfwrehu 4<<91
Zh dovr revhuyh wkh h{lw ghvwlqdwlrq/ zklfk lv xvxdoo| hpsor|phqw1 Rwkhu srv0
vlelolwlhv duh= ohdylqj wkh flw|/ jhwwlqj pduulhg ru vwrsslqj wr dsso| iru zhoiduh
ehqhwv iru xqnqrzq uhdvrqv1 H{lw wr vxfk ghvwlqdwlrqv lv wuhdwhg dv lqghshqghqw
uljkw0fhqvrulqj ri wkh gxudwlrq xqwlo h{lw wr zrun1 Zh gr qrw kdyh lqirupdwlrq
derxw zkdw kdsshqv diwhuzdugv1
Wkh hpslulfdo prgho zh xvh lv vlplodu wr wkh frpprq xvhg Kd}dug udwh prghov
+vhh h1j1 Odqfdvwhu/ 4<<3,1 Frqvlghu lqglylgxdov uhfhlylqj zhoiduh ehqhwv iru |
xqlwv ri wlph1 Zh dvvxph wkdw glhuhqfhv lq wudqvlwlrq udwhv iurp zhoiduh wr zrun
fdq eh fkdudfwhul}hg e| wkh revhuyhg lqglylgxdo fkdudfwhulvwlfv %/ wkh revhuyhg
qhljkerukrrg fkdudfwhulvwlfv 5/ wkh xqrevhuyhg fkdudfwhulvwlfv  dqg wkh hodsvhg
zhoiduh gxudwlrq lwvhoi1 Zh dvvxph % dqg 5 wr eh frqvwdqw dqg  wr eh lqghshqghqw
ri % dqg 51
Wkh wudqvlwlrq udwh iurp zhoiduh wr zrun dw | frqglwlrqdo rq %/ 5 dqg  lv
ghqrwhg e| wE|m%c 5c  dqg lv dvvxphg wr kdyh wkh idploldu Pl{hg Sursruwlrqdo
Kd}dug +PSK, vshflfdwlrq
wE|m%c 5c  ' bE|E%c 5 i TE +4,
lq zklfk bE| uhsuhvhqwv wkh lqglylgxdo gxudwlrq ghshqghqfh1 Ohw | eh wkh uhdo0
l}hg gxudwlrq zkhq ohdylqj wr hpsor|phqw1 Wkh frqglwlrqdo ghqvlw| ixqfwlrq ri
|m%c 5c  fdq eh zulwwhq dv








Ohw CE eh wkh glvwulexwlrq ixqfwlrq ri wkh xqrevhuyhg fkdudfwhulvwlf 1 Wkh





Lw lv vwudljkwiruzdug wr ghulyh wkh lqglylgxdo frqwulexwlrqv wr wkh olnholkrrg
ixqfwlrq iurp wklv ghqvlw| ixqfwlrq1 Wkh xvh ri d  rz vdpsoh ri zhoiduh vshoov
phdqv wkdw doo vshoov duh revhuyhg iurp wkh vwduw/ vr wkdw zh gr qrw kdyh dq|
sureohpv zlwk lqlwldo frqglwlrqv1 Wkh uljkw0fhqvrulqj lq wkh gdwd lv h{rjhqrxv dqg
lv wkhuhiruh vroyhg lq d vwudljkwiruzdug pdqqhu zlwklq wkh kd}dug udwh iudphzrun1
Iru wkh gxudwlrq ghshqghqfh ixqfwlrq zh wdnh wkh prvw  h{leoh vshflfdwlrq
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xvhg wr gdwh1 Zh wdnh bE| wr kdyh d slhfhzlvh frqvwdqw vshflfdwlrq/







zkhuh  lv d vxevfulsw iru wlph lqwhuydov dqg UE| duh wlph0ydu|lqj gxpp| ydul0
deohv wkdw duh rqh lq frqvhfxwlyh wlph lqwhuydov1 Qrwh wkdw zlwk dq lqfuhdvlqj
qxpehu ri wlph lqwhuydov dq| gxudwlrq ghshqghqfh sdwwhuq fdq eh dssur{lpdwhg
duelwudulo| forvho|1 E| qrz lw lv zhoo nqrzq wkdw gxudwlrq ghshqghqfh vshflfd0
wlrqv zlwk rqo| rqh sdudphwhu +olnh d Zhlexoo vshflfdwlrq, duh ryhuo| uhvwulfwlyh
+vhh h1j1 Odqfdvwhu/ 4<<3,1 Zh frph edfn wr wkh vshflfdwlrq ri wkh ixqfwlrq
E%c 5 dqg wkh glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| whup  lq Vhfwlrq 8
zkhq zh glvfxvv wkh hvwlpdwlrq uhvxowv1
7 Gdwd
Rxu gdwdedvh frqfhuqv zhoiduh uhflslhqwv lq Urwwhugdp/ zklfk lv wkh vhfrqg
odujhvw flw| ri Wkh Qhwkhuodqgv1 Dw wkh hqg ri 4<<8 Urwwhugdpkdg doprvw 933/333
lqkdelwdqwv ri zklfk dssur{lpdwho| 593/333 zhuh hpsor|hg zrunhuv1 Derxw 73(
ri wkh Urwwhugdp srsxodwlrq frqvlvwv ri lppljudqwv ru wkhlu fkloguhq1 Wkhuh
zhuh durxqg 68/333 xqhpsor|hg zrunhuv/ zklfk lv 48( ri wkh oderu irufh1 Derxw
94/333 lqglylgxdov zhuh uhfhlylqj vrph nlqg ri vrfldo vhfxulw| ehqhw1 Ri wkhvh/
:;( kdg uhfhlyhg wklv ehqhw douhdg| iru pruh wkdq rqh |hdu1
Wkh gdwdedvh frqwdlqv dgplqlvwudwlyh lqirupdwlrq rq doo xqhpsor|hg lqglylg0
xdov zkr vwduwhg wr froohfw zhoiduh ehqhwv lq Urwwhugdp lq 4<<7 dqg zkr zhuh
reoljhg wr vhdufk iru d mre1 Wkh dgydqwdjh ri xvlqj dq dgplqlvwudwlyh gdwdedvh
lv wkdw wkh gdwd gr qrw vxhu iurp vhohfwlyh qrquhvsrqvh ru dwwulwlrq iurp wkh
gdwdedvh1 Wkh ixoo gdwdedvh frqvlvwv ri 44683 lqglylgxdov1 Zh h{foxgh iurp wkh
gdwd lqglylgxdov zkr ehfdph holjleoh iru zhoiduh ehiruh 4<<7 exw glg qrw vwduw
wr froohfw ehqhwv xqwlo 4<<7/ lqglylgxdov iru zklfk wkh prphqw ri lq rz lqwr
zhoiduh htxdov wkh prphqw ri rxw rz/ lqglylgxdov iru zklfk wkh orfdwlrq ri wkh
qhljkerukrrg lv plvvlqj dqg lqglylgxdov olylqj lq qhljkerukrrgv qrw ehorqjlqj
wr wkh lqqhu0flw| ri Urwwhugdp1 Dv d uhvxow/ wkh qdo gdwdvhw frqvlvwv ri :84< mre
orvhuv dqg 4483 vfkrro ohdyhuv1 Dv h{sodlqhg lq Vhfwlrq 5 mre orvhuv dqg vfkrro
ohdyhuv kdyh yhu| glhuhqw fkdudfwhulvwlfv dqg lw lv reylrxv wkdw wkh ehkdylru ri
wkhvh wzr jurxsv fdq qrw eh fdswxuhg zlwklq d vlqjoh prgho1 Wkhuhiruh/ zh dq0
do|}h wkhvh jurxsv vhsdudwho|1 Zh glvwlqjxlvk qrw rqo| ehwzhhq mre orvhuv dqg
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vfkrro ohdyhuv/ exw zlwklq wkhvh jurxsv zh dovr glvwlqjxlvk ehwzhhq Gxwfk dqg
qrq0Gxwfk zhoiduh uhflslhqwv1 Wkh qdo gdwdedvh rqo| frqwdlqv 538 qrq0Gxwfk
vfkrro ohdyhuv/ zklfk lv lqvx!flhqw iru dq hpslulfdo dqdo|vlv1 Frqvhtxhqwo|/ zh
hvwlpdwh wkh hpslulfdo prgho xvlqj wkh wkuhh vhsdudwh gdwd vhwv frqvlvwlqj ri
Gxwfk mre orvhuv/ qrq0Gxwfk mre orvhuv dqg Gxwfk vfkrro ohdyhuv1 Doo lqirupdwlrq
rq hyhqwv lv gdlo|1
Lq wkh dqdo|vlv zh xvh wkh ydoxhv ri wkh h{sodqdwru| yduldeohv % dqg 5 dw wkh
prphqw ri lq rz1 Lq dgglwlrq wr vwdqgdug shuvrqdo fkdudfwhulvwlfv/ zh lqfoxgh lq
% d yduldeoh lqglfdwlqj zkhwkhu wkh lqglylgxdo kdv hyhu uhfhlyhg zhoiduh ehqhwv
ehiruh1 Lw pd| eh fohdu wkdw wklv yduldeoh lv rqo| uhohydqw wr mre orvhuv/ vfkrro
ohdyhuv frph iurp ixoo0wlph hgxfdwlrq dqg khqfh idfh wkhlu uvw vshoo ri froohfwlqj
zhoiduh ehqhwv1 Wkh gxpp| yduldeoh pduulhg htxdov rqh lq fdvh ri pduuldjh
ru frqfxelqdjh1 Wkh gxpp| yduldeoh pduulhg ru nlgv zloo eh xvhg wr doorz
iru lqwhudfwlrq ehwzhhq wkh hhfwv ri pduuldjh dqg fkloguhq1 Uhfdoo wkdw vlqjoh
sduhqwv zlwk fkloguhq xqghu 45 |hduv rog duh qrw lq rxu gdwdedvh dv wkh| gr qrw
kdyh dq reoljdwlrq wr vhdufk iru d mre1 Ehfdxvh vfkrro ohdyhuv duh ri orz djh/
vlqjoh sduhqwv kdugo| dsshdu lq rxu gdwdedvh dqg wkhuhiruh wkh yduldeoh pduulhg
ru nlgv lv qrw lqfoxghg zkhq frqvlghulqj vfkrro ohdyhuv1 Iru wkh vdph uhdvrq zh
dovr gr qrw frqvlghu djh iru wklv jurxs1 Lw vkrxog eh vwuhvvhg wkdw yduldeohv
wkdw duh qrw uhohydqw iru wkh zhoiduh djhqf| duh qrw lqfoxghg lq wkh gdwdedvh1
Wklv phdqv wkdw zh gr qrw kdyh lqirupdwlrq rq wkh surihvvlrq dqg wkh ohyho ri
hgxfdwlrq ri wkh zhoiduh uhflslhqwv1
Ilqdoo|/ wkh gdwdedvh lghqwlhv wkh qhljkerukrrg ri wkh zhoiduh uhflslhqw zklfk
lv xvhg wr dvvljq qhljkerukrrg fkdudfwhulvwlfv xvlqj vxppdulhv iurp wkh Fhqwhu ri
Uhvhdufk dqg Vwdwlvwlfv ri Urwwhugdp1 Wkh qhljkerukrrg vwdwlvwlfv duh uhfrughg
lq 4<<7/ zklfk lv wkh |hdu wkdw wkh zhoiduh uhflslhqwv lq wkh gdwdedvh vwduwhg
froohfwlqj zhoiduh ehqhwv1 Dv phqwlrqhg lq wkh lqwurgxfwlrq vrph lqgxvwuldol}hg
qhljkerukrrgv duh yhu| vsduvho| srsxodwhg dqg riwhq qr zhoiduh uhflslhqwv olyh lq
wkhvh qhljkerukrrgv1 Urwwhugdp lv glylghg lqwr dssur{lpdwho| ;3 qhljkerukrrgv
ri zklfk 99 ehorqj wr wkh lqqhu0flw|1 Wkh wrwdo duhd ri wkh lqqhu0flw| lv dssur{0
lpdwho| 433 vtxduh nlorphwhuv/ zklfk phdqv wkdw d qhljkerukrrg rq dyhudjh lv
418 vtxduh nlorphwhuv1 Wkh dyhudjh qxpehu ri lqkdelwdqwv lq wkh qhljkerukrrgv
lq wkh lqqhu0flw| lv dssur{lpdwho| ;3331 Wkh dgglwlrqdo gdwdedvh rq qhljkeru0
krrg vwdwlvwlfv lqfoxghv iru hdfk qhljkerukrrg d qxpehu ri hfrqrplf/ vrfldo dqg
ghprjudsklf fkdudfwhulvwlfv 5/ vxfk dv shufhqwdjh ri lqkdelwdqwv froohfwlqj vrfldo
vhfxulw| ehqhwv/ shufhqwdjh ri Qrq0Gxwfk lqkdelwdqwv/ dyhudjh lqfrph/ dyhudjh
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sulfh ri krxvhv/ jhrjudsklfdo prelolw|/ hwfhwhud1 Iurp qrz rq zh xvh xqhp0
sor|phqw udwh wr ghvfuleh wkh shufhqwdjh lqglylgxdov froohfwlqj vrfldo vhfxulw|
ehqhwv1 Wkhvh wzr phdvxuhv duh qrw lghqwlfdo dv wkh xqhpsor|phqw udwh grhv
qrw fryhu qrqsduwlflsdqwv zkr duh hqwlwohg wr vrfldo vhfxulw| dqg wkh shufhqwdjh
lqglylgxdov froohfwlqj vrfldo vhfxulw| ehqhwv rqo| frqvlghuv ehqhwv sdlg e| wkh
zhoiduh djhqf|/ wkhuhe| ljqrulqj iru h{dpsoh XL ehqhwv1
Wkh hpslulfdo vxuylydo udwhv +Ndsodq0Phlhu hvwlpdwhv, ri wkh irxu deryh gh0
qhg vdpsohv ri zhoiduh uhflslhqwv duh jlyhq lq Iljxuh BB1 Dv h{shfwhg/ vfkrro
ohdyhuv kdyh kljkhu h{lw udwhv wkdq mre orvhuv dqg Gxwfk zhoiduh uhflslhqwv kdyh
kljkhu h{lw udwhv wkdq wkhlu frxqwhusduwv1 Wkh glhuhqfhv ehwzhhq wkh jurxsv
duh udwkhu odujh1 Zkloh diwhu ; prqwkv 83( ri wkh Gxwfk vfkrro ohdyhuv irxqg
zrun/ durxqg :8( ri wkh Gxwfk mre orvhuv dqg qrq0Gxwfk vfkrro ohdyhuv lv vwloo
rq zhoiduh dqg pruh wkdq ;8( ri wkh qrq0Gxwfk mre orvhuv vwloo uhfhlyhv zhoiduh
ehqhwv1
Wdeoh 4 surylghv vrph vwdwlvwlfv ri wkh gdwd vhw ri 8986 Gxwfk mre orvhuv/ 4;99
qrq0Gxwfk mre orvhuv dqg <78 Gxwfk vfkrro ohdyhuv1 Wkhuh duh elj glhuhqfhv lq
wkh shufhqwdjhv ri lqglylgxdov wkdw ohdyh wkh zhoiduh v|vwhp ehiruh Rfwrehu 4<<91
Vfkrro ohdyhuv duh revhuyhg wr h{lw zhoiduh wr zrun pruh riwhq wkdq mre orvhuv
dqg zlwklq wklv jurxs wkh h{lw suredelolw| ri Gxwfk zhoiduh uhflslhqwv lv kljkhu
wkdq wkh qrq0Gxwfk zhoiduh uhflslhqwv1 Vlqfh vrph ri wkh zhoiduh uhflslhqwv zhuh
h{srvhg wr wkh ulvn ri ohdylqj wkh zhoiduh v|vwhp vlqfh Mdqxdu| 4<<7/ zkloh
rwkhuv hqwhuhg lq Ghfhpehu 4<<7/ lw lv gl!fxow wr gudz frqfoxvlrqv iurp wkhvh
qxpehuv1 Qhyhuwkhohvv/ zh fdq jhw d uvw lpsuhvvlrq ri glhuhqfhv ehwzhhq lq0
glylgxdov e| frpsdulqj vxfk suredelolwlhv iru glhuhqw vxevdpsohv1 Zlwklq doo
vxevdpsohv pdoh/ pduulhg dqg fklogohvv zhoiduh uhflslhqwv kdyh d voljkwo| kljkhu
h{lw suredelolw| wkdq wkhlu frxqwhusduwv1 Ixuwkhupruh/ iru wkh vxevdpsohv ri mre
orvhuv wkh h{lw suredelolwlhv ri roghu uhflslhqwv lv pxfk vpdoohu wkdq ri |rxqj uh0
flslhqwv/ uhfxuuhqw uhflslhqwv kdyh d voljkwo| orzhu h{lw suredelolw| iru wkh jurxs ri
qrq0Gxwfk dqg kljkhu h{lw suredelolw| iru wkh jurxs ri Gxwfk uhflslhqwv1 Ilqdoo|/
vlqjoh zhoiduh uhflslhqwv zlwkrxw nlgv duh pruh riwhq revhuyhg wr h{lw wr zrun
wkdq wkhlu frxqwhusduwv1 Zlwklq wkh deryh phqwlrqhg jurxsv wkh qhljkerukrrg
vwdwlvwlfv gr glhu ehwzhhq zhoiduh uhflslhqwv zkr duh revhuyhg wr h{lw ehiruh Rf0
wrehu 4<<9 dqg zhoiduh uhflslhqwv zkr gr qrw h{lw wr zrun1 Krzhyhu/ wkhuh duh
glhuhqfhv ehwzhhq wkh vxevdpsohv ri zhoiduh uhflslhqwv1 Gxwfk zhoiduh uhflslhqwv
whqg wr olyh pruh riwhq wkdq qrq0Gxwfk zhoiduh uhflslhqwv lq qhljkerukrrgv zlwk
kljkhu dyhudjh lqfrph/ pruh h{shqvlyh krxvhv/ pruh mrev/ orzhu jhrjudsklfdo pr0
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elolw| dqg d ohvv qrq0Gxwfk lqkdelwdqwv1 Wkh xqhpsor|phqw udwh grhv qrw vhhp
wr glhu yhu| pxfk1
8 Hvwlpdwlrq uhvxowv
814 Wkh edvholqh prgho
Lq wklv vhfwlrq zh glvfxvv wkh uhvxowv ri rxu hpslulfdo dqdo|vlv1 Zh vwduw zlwk
glvfxvvlqj d prgho wkdw rqo| doorzv iru khwhurjhqhlw| wkurxjk yduldwlrq lq lq0
glylgxdov fkdudfwhulvwlfv1 Lq Vxevhfwlrq 815 zh h{whqg wklv prgho e| lqfoxglqj
qhljkerukrrg hhfwv1 Doo sdudphwhu hvwlpdwhv ri doo prgho vshflfdwlrqv duh re0
wdlqhg e| xvlqj wkh phwkrg ri Pd{lpxp Olnholkrrg1 Zh wdnh wkh xqlw ri wlph wr
eh d prqwk1 Ixuwkhupruh/ zh vshfli| wkh slhfhzlvh frqvwdqw gxudwlrq ghshqghqfh
lq whupv ri txduwhuv dqg qrupdol}h e| wdnlqj b ' f1 Wr shuirup wkh hvwlpd0
wlrq zh kdyh wr vshfli| wkh xqrevhuyhg khwhurjhqhlw| glvwulexwlrq/ ghflgh zklfk
qhljkerukrrg fkdudfwhulvwlfv wr lqfoxgh dqg vshfli| E%c 5 lq htxdwlrq +4,1 Zh
hvwlpdwh wkh prgho vhsdudwho| iru wkh vxevdpsohv ri Gxwfk mre orvhuv/ qrq0Gxwfk
mre orvhuv dqg Gxwfk vfkrro ohdyhuv1 Wdeohv 57 suhvhqw wkh hvwlpdwlrq uhvxowv iru
wkhvh jurxsv1
Lq rxu edvholqh prgho wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr zrun
ghshqgv rqo| rq wkh hodsvhg gxudwlrq ri wkh zhoiduh vshoo dqg revhuyhg lqglylg0
xdo fkdudfwhulvwlfv/ vxfk wkdw E%c 5 ' i TE%q1 Dqg wkh sdudphwhu  lv dq
lqwhufhsw/ l1h1 CE lv frqfhqwudwhg dw d vlqjoh +xqnqrzq, srlqw ri vxssruw1 Zh
hvwlpdwh wkh sdudphwhuv b| +| ' c    c ,/  dqg q/ zkhuh q lv d yhfwru ri < sd0
udphwhuv iru wkh vxevdpsohv ri mre orvhuv dqg 6 sdudphwhuv iru wkh vxevdpsoh ri
vfkrro ohdyhuv1; Iru wkh vxevdpsoh ri qrq0Gxwfk mre orvhuv zh gr qrw revhuyh dq|
uhflslhqwv zlwk wkh djh deryh 89 qglqj d mre/ wkhuhiruh wkh pd{lpxp olnholkrrg
hvwlpdwh fruuhvsrqglqj wr wkh fryduldwh Djh 89098 htxdov 41
Wkh hvwlpdwhg lqwhufhsw  kdv wkh kljkhvw ydoxh iru wkh Gxwfk vfkrro ohdyhuv/
lpso|lqj wkdw vfkrro ohdyhuv kdyh d kljkhu wudqvlwlrq udwh iurp zhoiduh wr zrun
wkdq mre orvhuv1 Iru wklv odwwhu jurxs lqglylgxdov zlwk wkh Gxwfk qdwlrqdolw| kdyh
kljkhu h{lw udwhv wkdq qrq0Gxwfk lqglylgxdov1 Wkh hvwlpdwhv ri wkh gxudwlrq gh0
shqghqfh b| lqglfdwh wkdw ryhudoo wkh lqglylgxdo wudqvlwlrq udwh iurp zhoiduh wr
;Ehfdxvh zh gr qrw revhuyh dq| wudqvlwlrq iurp zhoiduh wr zrun lq wkh vxevdpsohv ri mre
orvhuv gxulqj wkh 44wk txduwhu zh fdq qrw hvwlpdwh 441
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zrun ghfuhdvhv dv wkh gxudwlrq ri froohfwlqj zhoiduh ehqhwv lqfuhdvhv1 Dssdu0
hqwo|/ vwljpdwl}dwlrq dqg glvfrxudjhg zrunhu hhfwv sod| d vljqlfdqw uroh1 Wkh
fryduldwh hhfwv rq wkh h{lw udwhv wr zrun duh doprvw doo vljqlfdqwo| glhuhqw
iurp 31 Lq doo wkuhh jurxsv ri lqglylgxdov ihpdohv/ xqpduulhg zhoiduh uhflslhqwv
dqg zhoiduh uhflslhqwv zlwk fkloguhq kdyh orzhu suredelolwlhv wr qg zrun wkdq
wkhlu frxqwhusduwv1 Lw lv lqwhuhvwlqj wr sd| vrph dwwhqwlrq wr wkh krxvhkrog fkdu0
dfwhulvwlfv/ dv wkh| duh forvho| uhodwhg wr wkh zhoiduh ehqhwv ohyho1 Uhfdoo wkdw
d frxsoh zlwkrxw fkloguhq uhfhlyhv ehqhwv wkdw duh pxfk orzhu shu shuvrq wkdq
zkdw d vlqjoh lqglylgxdo uhfhlyhv/ vr rqh pd| h{shfw vrphrqh lq wkh iruphu krxvh0
krog wr kdyh d kljkhu suredelolw| wr qg d mre +qrwh wkdw vrphrqh zkr lv pduulhg
wr d ixoo0wlph hpsor|hg zrunhu lv lq jhqhudo qrw hqwlwohg wr zhoiduh/ vr kh zrxog
qrw eh lq rxu gdwd,1 Wr fkhfn rq wklv/ qrwh wkdw wkh hvwlpdwhg hpslulfdo hhfw ri
pduulhg ghshqgv rq zkhwkhu wkhuh duh fkloguhq lq wkh krxvhkrog1 Krzhyhu/ lw
wxuqv rxw wkdw lq erwk fdvhv wkh lqglylgxdo lq wkh pduulhg krxvhkrog grhv kdyh
d kljkhu h{lw udwh1 Qrz frqvlghu wkh hhfw ri fkloguhq1 Kdylqj fkloguhq lqfuhdvhv
wkh ehqhwv ohyho ri xqpduulhg uhflslhqwv/ vr rqh pd| h{shfw wklv wr ghfuhdvh wkh
h{lw udwh +ri frxuvh/ kdylqj fkloguhq pd| dovr lqfuhdvh wkh qrq0shfxqldu| xwlolw|
ri ehlqj xqhpsor|hg/ dqg wklv lv dq dgglwlrqdo uhdvrq wr h{shfw d orzhu h{lw udwh,1
Lw wxuqv rxw wkdw fkloguhq gr kdyh d qhjdwlyh hhfw rq wkh h{lw udwh/ zkhwkhu rqh
lv pduulhg ru qrw1 Qrwh wkdw li wkh lqglylgxdo lv d vlqjoh sduhqw dqg rqh ri wkh
fkloguhq lv ehorz 45 |hduv wkhq kh lv qrw reoljhg wr vhdufk iru d mre/ vr wkhq kh
lv qrw lq rxu gdwd1 Ilqdoo|/ djh vhhpv wr eh wkh prvw lpsruwdqw fryduldwh lq wkh
wudqvlwlrq udwh iru mre orvhuv1 Wklv h{lw udwh lv orzhu iru roghu mre orvhuv1
Vr idu zh glg qrw fruuhfw iru srvvleoh xqrevhuyhg khwhurjhqhlw|1 Lw lv zhoo
nqrzq wkdw qhjohfwlqj xqrevhuyhg khwhurjhqhlw| pd| ohdg wr eldvhg sdudphwhu
hvwlpdwhv/ erwk lq gxudwlrq ghshqghqfh dqg revhuyhg khwhurjhqhlw|1 Lq sduwlfx0
odu/ hvwlpdwhg gxudwlrq ghshqghqfh ghfuhdvhv vorzhu dqg wkh hvwlpdwhg fryduldwh
hhfwv duh eldvhg wrzdug 3 zkhq wkh kd}dug udwh grhv qrw lqyroyh dq xqrevhuyhg
frpsrqhqw1< Zh wdnh wkh glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| wr eh glv0
fuhwh zlwk wzr xquhvwulfwhg srlqwv ri vxssruw E@c K zlwk dvvrfldwhg suredelolwlhv
hE ' @ ' R '   hE ' K/ zkhuh f  R  1 Krzhyhu/ iru qrqh ri wkh
vxevdpsohv ri lqglylgxdov zh revhuyh dq| vljqlfdqw xqrevhuyhg khwhurjhqhlw|1
Zkhq rswlpl}lqj wkh orjolnholkrrg ixqfwlrq ri wkh prgho frqwdlqlqj xqrevhuyhg
<Wkhvh uhvxowv rqo| krog lq fdvh ri odujh vdpsohv dqg qr uljkw0fhqvrulqj +vhh h1j1 Odqfdvwhu/
4<<3,1
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khwhurjhqhlw| wkh orfdwlrqv ri erwk pdvv srlqwv frqyhujh wr hdfk rwkhu gxulqj wkh
lwhudwlrqv/ l1h1 wkh rswlpdo ydoxh ri wkh orjolnholkrrg ixqfwlrq grhv qrw lpsuryh
frpsduhg wr wkh prgho qrw frqwdlqlqj xqrevhuyhg khwhurjhqhlw|1
815 Doorzlqj iru qhljkerukrrg hhfwv
Qrz ohw xv wxuq wr wkh zd| lq zklfk wkh qhljkerukrrg dhfwv wkh lqglylgxdo
wudqvlwlrq udwh iurp zhoiduh wr zrun1 Wkh dydlodeoh qhljkerukrrg vwdwlvwlfv vxhu
iurp wzr sureohpv1 Iluvw/ wkh qhljkerukrrg vwdwlvwlfv ghvfuleh wkh vlwxdwlrq dw
wkh ehjlqqlqj ri wkh zhoiduh vshoo lq 4<<7 dqg wkhuhiruh duh qrw wlph ydu|lqj1 Wklv
lv d vhulrxv olplwdwlrq dv lw grhv qrw doorz xv wr lqfoxgh erwk wkh qhljkerukrrg
fkdudfwhulvwlfv dqg gxpp| yduldeohv iru hdfk qhljkerukrrg +{hg hhfwv,1 Wkh
vhfrqg sureohp frqfhuqv wkh kljk fruuhodwlrq ehwzhhq vrph ri wkh qhljkerukrrg
fkdudfwhulvwlfv1 D kljk fruuhodwlrq ehwzhhq uhjuhvvruv pd| fdxvh vrph sureohpv
lq wkh hpslulfdo dqdo|vhv/ lq sduwlfxodu wkh vwdqgdug huuruv ri wkh sdudphwhu hvwl0
pdwhv duh ryhuhvwlpdwhg1 Zh uhwxuq wr wklv odwwhu lvvxh ehorz1 Lq wkh uhpdlqghu
zh irfxv rqo| rq wkh fryduldwh hhfwv ri qhljkerukrrg fkdudfwhulvwlfv1 Wkh hvwl0
pdwhg lqglylgxdo gxudwlrq ghshqghqfh dqg wkh hvwlpdwhg fryduldwh hhfwv gr qrw
fkdqjh pxfk dv frpsduhg wr wkh suhylrxv glvfxvvhg edvholqh prgho1
Zh vwduw wkh qhljkerukrrg dqdo|vlv zlwk h{whqglqj wkh edvholqh prgho e|
doorzlqj iru {hg qhljkerukrrg hhfwv/ l1h1 iru hdfk qhljkerukrrg dq lqglfd0
wru ixqfwlrq iru olylqj lq wklv qhljkerukrrg lv lqfoxghg1 Zlwklq hdfk vxevdpsoh
wkhuh duh vrph qhljkerukrrgv iru zklfk wkhuh duh qr lqkdelwdqwv revhuyhg lq wkh
vxevdpsoh dqg vrph qhljkerukrrgv iru zklfk zh rqo| revhuyh zhoiduh uhflslhqwv
zlwk uljkw0fhqvruhg zhoiduh vshoov1 Reylrxvo| lq wkh iruphu fdvh zh duh xqdeoh wr
hvwlpdwh d {hg qhljkerukrrg hhfw/ zkloh lq wkh odwwhu fdvh wkh hvwlpdwhg ydoxhv
ri wkh {hg hhfwv htxdo 41 Doo hvwlpdwhg vwdqgdug huuruv duh frpsxwhg frq0
glwlrqdo rq wkhvh ydoxhv1 Lq wkh wdeohv zh kdyh rqo| uhsruwhg wkh hvwlpdwhg hhfw
ri wkh qhljkerukrrg zlwk wkh kljkhvw h{lw udwh dqg ri wkh qhljkerukrrg zlwk wkh
orzhvw h{lw udwh/ ljqrulqj qhljkerukrrgv iru zklfk zh gr qrw revhuyh dq| rxw rz
wr zrun1 Wkh glhuhqfhv ehwzhhq wkhvh ydoxhv duh iru hdfk vxevdpsoh odujhu wkdq
7/ lpso|lqj h{wuhpho| odujh glhuhqfhv lq wudqvlwlrq udwhv ehwzhhq zhoiduh uhfls0
lhqwv olylqj lq wkh qhljkerukrrg zlwk wkh kljkhvw h{lw udwh dqg lghqwlfdo zhoiduh
uhflslhqwv olylqj lq wkh qhljkerukrrg zlwk wkh orzhvw h{lw udwh1 Zh whvw zkhwkhu
doo {hg hhfwv htxdo/ l1h1 zh whvw wkh edvholqh prgho djdlqvw wklv {hg hhfw
prgho1 Wkh Olnholkrrg Udwlr +OU, vwdwlvwlf kdv d fkl0vtxduh glvwulexwlrq zlwk
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uhvshfwlyho| 96/ 87 dqg 8< ghjuhhv ri iuhhgrp iru wkh Gxwfk mre orvhuv/ qrq0Gxwfk
mre orvhuv dqg wkh Gxwfk vfkrro ohdyhuv1 Wkh OU whvw vwdwlvwlfv htxdo 4851:/
9818 dqg 4331: lqglfdwlqj wkdw iru wkh erwk jurxsv ri Gxwfk zhoiduh uhflslhqwv
lqghhg wkh qhljkerukrrg dhfwv lqglylgxdo wudqvlwlrq udwhv/ zkloh zh pd| qrw
uhmhfw wkh qxoo k|srwkhvlv iru wkh jurxs ri qrq0Gxwfk mre orvhuv +2S(fbD ' bDSD/

2
De(fbD ' .22 dqg 
2
Db(fbD ' .HH,1
Zh hvwdeolvkhg wkdw iru Gxwfk zhoiduh uhflslhqwv lq vrph vhqvh wkh qhljk0
erukrrg dhfwv lqglylgxdo h{lw udwhv1 Wr jhw dq lqglfdwlrq zkdw gulyhv wkhvh
qhljkerukrrg hhfwv/ zh uhsodfh wkh {hg hhfwv e| qhljkerukrrg fkdudfwhulvwlfv
+5, dffruglqj wr wkh pxowlsolfdwlyh vshflfdwlrq E%c 5 ' i TE%q n 51 Dv
phqwlrqhg deryh/ wkh fruuhodwlrq ehwzhhq vrph qhljkerukrrg fkdudfwhulvwlfv lv
kljk1 Wklv lv hvshfldoo| wkh fdvh iru wkh xqhpsor|phqw udwh dqg wkh dyhudjh lq0
frph zlwklq d qhljkerukrrg +fH2,1 Dv wkhvh wzr yduldeohv duh erwk wkh gluhfw
uhvxow ri wkh htxloleulxp rq wkh oderu pdunhw zh fkrrvh wr ljqruh wkh dyhudjh
lqfrph zlwklq wkh qhljkerukrrg1 Zh vwduw e| lqfoxglqj rqo| wkh xqhpsor|phqw
udwh/ zklfk pd| eh dq lqglfdwru ri qhjdwlyh vslooryhu hhfwv1 Ehorz zh dovr lqyhv0
wljdwh zkhwkhu rwkhu qhljkerukrrg fkdudfwhulvwlfv kdyh dq| h{sodqdwru| srzhu
frqfhuqlqj glhuhqfhv lq h{lw udwhv wr zrun ehwzhhq qhljkerukrrgv1 Dgglwlrq0
doo|/ zh doorz iru xqrevhuyhg qhljkerukrrg hhfwv/ zklfk phdqv wkdw zh h{sorlw
wkh nqrzohgjh wkdw doo lqglylgxdov zlwklq d qhljkerukrrg kdyh d vlplodu xq0
revhuyhg khwhurjhqhlw| frpsrqhqw1 Wkh zhoiduh vshoov ri lqglylgxdov olylqj lq
wkh vdph qhljkerukrrg duh wuhdwhg dv ehlqj pxowlsoh vshoov1 Djdlq zh fkrrvh
d glvfuhwh glvwulexwlrq zlwk wzr xquhvwulfwhg srlqwv ri vxssruw1 Rqo| lq fdvh ri
wkh Gxwfk mre orvhuv zh revhuyh vrph glvshuvhg xqrevhuyhg khwhurjhqhlw| dw wkh
qhljkerukrrg ohyho1 Dqg/ rqo| iru erwk vxevdpsohv ri Gxwfk zhoiduh uhflsl0
hqwv wkh fryduldwh hhfw ri wkh xqhpsor|phqw udwh lv vljqlfdqw1 Wkh sdudphwhu
hvwlpdwhv ri wklv fryduldwh htxdov 071<7 iru Gxwfk vfkrro ohdyhuv dqg 06173 iru
Gxwfk mre orvhuv1 Wr looxvwudwh wkh pdjqlwxgh ri wklv hhfw/ zh frpsduh wkh h{lw
udwh wr zrun ri d zhoiduh uhflslhqw olylqj lq d qhljkerukrrg zlwk d uhodwlyho| orz
xqhpsor|phqw udwh +8(, zlwk d zhoiduh uhflslhqw zlwk lghqwlfdo lqglylgxdo fkdu0
dfwhulvwlfv olylqj lq d qhljkerukrrg zlwk d uhodwlyho| kljk xqhpsor|phqw udwh
+48(,1 Iru d Gxwfk vfkrro ohdyhu wkh h{lw udwh lv 4197 wlphv odujhu zkhq olylqj
lq wkh qhljkerukrrg zlwk wkh orz xqhpsor|phqw udwh dv frpsduhg wr wkh qhljk0
erukrrg zlwk wkh kljk xqhpsor|phqw udwh/ zkloh wklv udwlr lv 4174 iru Gxwfk mre
orvhuv1 Dgglwlrqdo wr wklv qhljkerukrrg hhfw zh revhuyh d vhfrqg qhljkerukrrg
hhfw rqo| iru Gxwfk mre orvhuv/ dv zh qg glvshuvhg xqrevhuyhg khwhurjhqhlw|
4:
dw d qhljkerukrrg ohyho1 Wkh hvwlpdwlrq uhvxowv vkrz wkdw zlwklq 5;( ri wkh
qhljkerukrrgv zhoiduh uhflslhqwv kdyh d kljkhu h{lw udwh wkdq lq wkh rwkhu :5(
ri wkh qhljkerukrrgv/ wkh lqglylgxdo h{lw udwhv lq wkh qhljkerukrrgv zlwk d kljk
h{lw udwh duh 4164 wlphv kljkhu1
Vr idu zh rqo| lqfoxghg wkh xqhpsor|phqw udwh dv phdvxuhv ri wkh qhljkeru0
krrg1 Lw pd| krzhyhu eh wkh fdvh wkdw rwkhu fkdudfwhulvwlfv duh uhohydqw wr wkh
lqglylgxdo h{lw udwh wr zrun1 Zh dgg wr wkh prgho wkh dyhudjh sulfh ri krxvlqj/
wkh shufhqwdjh lqkdelwdqwv zlwk d qrq0Gxwfk qdwlrqdolw|/ wkh dyhudjh lqfrph/ wkh
jhrjudsklfdo prelolw| dqg wkh fulph udwh/ vhsdudwho|1 Lq rxu rslqlrq wkh dyhudjh
krxvlqj sulfh lv sduwlfxoduo| lpsruwdqw1 Li dq| vhohfwlrq hhfwv h{lvw/ wkhvh duh
prvw olnho| wr eh uhsuhvhqwhg e| dyhudjh krxvlqj sulfh rq |rxqj zhoiduh uhflsl0
hqwv1 \rxqj zhoiduh uhflslhqwv kdyh prvw olnho| mxvw ohiw wkhlu sduhqwdo krxvh1 Wkh
sulfh ri d krxvh lv wkh prvw lpsruwdqw yduldeoh zkhq qglqj d qhz krxvh1 Wkh
vhohfwlrq hhfw wkhq lpsolhv wkdw lqglylgxdov zlwk edg oderu pdunhw survshfwv/
l1h1 orqj h{shfwhg gxudwlrqv ri xqhpsor|phqw dqg orz h{shfwhg ixwxuh lqfrph/
vhohfw wkhp vhoi lqwr wkh qhljkerukrrgv zlwk fkhds krxvlqj1 Wkh shufhqwdjh lq0
kdelwdqwv zlwk d qrq0Gxwfk qdwlrqdolw|/ wkh jhrjudsklfdo prelolw| dqg wkh fulph
udwh duh frqvlghuhg wr uhsuhvhqw qhjdwlyh vwljpd hhfwv/ zkloh wkh dyhudjh lqfrph
uhsuhvhqwv d srvlwlyh vwljpd hhfw1 Qrqh ri wkhvh qhljkerukrrg fkdudfwhulvwlfv
kdv d vljqlfdqw hhfw rq lqglylgxdo h{lw udwhv1 Wkh fruuhvsrqglqj sdudphwhu
hvwlpdwhv zhuh forvh wr 3 dqg wkh rswlpdo ydoxh ri wkh orjolnholkrrg ixqfwlrq zdv
doprvw xqdhfwhg1
Xqwlo qrz/ wkh vshflfdwlrq ri wkh vwdwlvwlfdo prgho lv uhvwulfwlyh lq d vhqvh
wkdw lw dvvxphv wkdw wkh qhljkerukrrg dhfwv wkh ehkdylru ri doo zhoiduh uhflsl0
hqwv zlwklq d vxevdpsoh lq wkh vdph zd|1 Hpslulfdo vwxglhv vkrz krzhyhu wkdw
vslooryhu hhfwv glhu ehwzhhq lqglylgxdov +Kr|qhv/ 4<<9> Wrsd/ 4<<:,1 Wr df0
frxqw iru glhuhqfhv lq hhfw ehwzhhq lqglylgxdov zh doorz iru lqwhudfwlrq whupv
zlwklq wkh kd}dug udwh/ E%c 5 ' i TEq% n  5 n
S
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lqwhudfwlrq whupv ehwzhhq wkh xqhpsor|phqw udwh dqg wkh lqglylgxdo fkdudfwhu0
lvwlfv grhv qrw lpsuryh wkh prgho vljqlfdqwo| iru wkh vxevdpsohv ri Gxwfk vfkrro
ohdyhuv dqg qrq0Gxwfk mre orvhuv1 Krzhyhu/ zh qg vrph vljqlfdqw lqwhudfwlrq
ehwzhhq wkh xqhpsor|phqw udwh dqg wkh djh ri Gxwfk mre orvhuv1 Gxwfk mre orvhuv
zlwk dq djh ehwzhhq 4; dqg 58 duh pruh vhqvlwlyh wr wkh xqhpsor|phqw udwh wkdq
roghu zhoiduh uhflslhqwv1 Wkh hvwlpdwhg hhfw ri wkh xqhpsor|phqw udwh rq wkh
h{lw udwh ri c|rxqj* Gxwfk mre orvhuv doprvw frlqflghv zlwk wkh hvwlpdwhg hhfw rq
wkh h{lw udwh ri Gxwfk vfkrro ohdyhuv1 Li zh uhfdoo wkdw vfkrro ohdyhuv duh |rxqj/
4;
wklv uhvxow lv qrw yhu| vxusulvlqj1
Ilqdoo|/ zh shuirup vrph vlpxodwlrqv wr lqyhvwljdwh wkh vl}h ri wkh lpsdfw ri
wkh xqhpsor|phqw udwh rq wkh wudqvlwlrq udwhv iurp zhoiduh wr zrun1 Zh irfxv
rq wkh suredelolw| ri ohdylqj zhoiduh wr zrun zlwklq rqh |hdu diwhu wkh vwduw ri
wkh ehqhw dqg glvwlqjxlvk ehwzhhq wzr w|shv ri lqglylgxdov1 Lqglylgxdo M lv
58 |hduv rog dqg lqglylgxdo N lv 83 |hduv rog1 Erwk lqglylgxdov duh vlqjoh phq
zlwkrxw fkloguhq zkr qhyhu froohfwhg zhoiduh ehqhwv ehiruh1 Iru hdfk ri wkh wkuhh
vxevdpsohv zh frpsxwh wkh h{lw suredelolw| ri lqglylgxdov M dqg N frqglwlrqdo
rq olylqj lq d qhljkerukrrg zlwk d orz xqhpsor|phqw udwh +8(, ru zlwk d kljk
xqhpsor|phqw udwh +48(,1 Ehfdxvh iru wkh Gxwfk mre orvhuv zh irxqg vrph
glvshuvhg xqrevhuyhg khwhurjhqhlw| rq d qhljkerukrrg ohyho zh dovr frqglwlrq
rq olylqj lq d qhljkerukrrg zlwk kljk dqg orz xqrevhuyhg fkdudfwhulvwlfv1 Wr
frpsxwh wkh hvwlpdwhg h{lw suredelolwlhv zh xvh iru wkh Gxwfk mre orvhuv wkh
sdudphwhu hvwlpdwhv surylghg lq wkh irxuwk froxpq ri Wdeoh 51 Iru wkh qrq0
Gxwfk mre orvhuv dqg wkh Gxwfk vfkrro ohdyhuv zh xvh wkh sdudphwhu hvwlpdwhv ri
wkh wklug froxpqv ri Wdeohv 6 dqg 71
Wkh hvwlpdwhg h{lw suredelolwlhv duh suhvhqwhg lq Wdeoh 81 Dv qrwhg hduolhu
wkh h{lw suredelolwlhv duh pxfk orzhu iru qrq0Gxwfk lqglylgxdov wkdq iru Gxwfk
lqglylgxdov1 Lw lv fohdu wkdw wkh qhljkerukrrg grhv qrw dhfw wkh suredelolw| ri
qglqj d mre iru qrq0Gxwfk mre orvhuv1 Wkh qhljkerukrrg hhfwv duh wkh odujhvw
iru wkh |rxqj Gxwfk zhoiduh uhflslhqwv1 Frqvlghu lqglylgxdo M lq wkh jurxs ri
Gxwfk mre orvhuv/ zkr lv olylqj lq d qhljkerukrrg zlwk d orz xqhpsor|phqw udwh
dqg jrrg xqrevhuyhg qhljkerukrrg fkdudfwhulvwlfv1 Wklv lqglylgxdo kdv dq h{lw
suredelolw| ri 3198 dv frpsduhg wr 316< iru dq lghqwlfdo lqglylgxdo olylqj lq d
qhljkerukrrg zlwk d kljk xqhpsor|phqw udwh dqg edg xqrevhuyhg qhljkerukrrg
fkdudfwhulvwlfv1 Li wklv lqglylgxdo M lv d vfkrro ohdyhu wkh h{lw suredelolwlhv duh
31:5 zkhq olylqj lq d qhljkerukrrg zlwk d orz xqhpsor|phqw udwh dqg 3187 zkhq
olylqj lq d qhljkerukrrg zlwk d kljk xqhpsor|phqw udwh1 Zkloh iru |rxqj Gxwfk
mre orvhuv wkh h{lw udwhv duh prvwo| dhfwhg e| wkh xqhpsor|phqw udwh zlwklq
wkh qhljkerukrrg/ wkh h{lw udwhv ri roghu Gxwfk mre orvhuv duh htxdoo| dhfwhg e|
wkh xqrevhuyhg qhljkerukrrg fkdudfwhulvwlfv dqg wkh xqhpsor|phqw udwh lq wkh
qhljkerukrrg1
Lq prvw olwhudwxuh rq qhljkerukrrg hhfwv lq wkh X1V1 uhvxowv vlplodu wr rxuv
duh irxqg +vhh Fdvh dqg Ndw}/ 4<<4> R*Uhjdq dqg Txljoh|/ 4<<;> Wrsd/ 4<<:,1
Rxu uhvxowv duh hdvlhvw wr frpsduh zlwk wkh uhvxowv irxqg e| Kr|qhv +4<<9,/ dv
vkh dovr irfxvhv rq wkh uh0hpsor|phqw ri zhoiduh uhflslhqwv1 Ri frxuvh/ zkhq
4<
frpsdulqj wkh uhvxowv zh pxvw nhhs lq plqg wkdw wkh zhoiduh surjudp glhuv
vxevwdqwldoo| ehwzhhq wkh X1V1 dqg Wkh Qhwkhuodqgv dv grhv wkh srsxodwlrq ri
xqhpsor|hg zrunhuv froohfwlqj zhoiduh ehqhwv1 Wkh uhvxowv irxqg e| Kr|qhv
+4<<9, gr qrw frlqflgh frpsohwho| zlwk rxu uhvxowv1 Wkhuh duh wzr pdlq glhu0
hqfhv1 Iluvw/ Kr|qhv +4<<9, qgv wkdw dovr qhljkerukrrg fkdudfwhulvwlfv rwkhu
wkdq wkh xqhpsor|phqw udwh/ iru h{dpsoh phgldq lqfrph/ duh uhohydqw1 Dqg vhf0
rqg/ Kr|qhv +4<<9, qgv wkdw plqrulwlhv duh pruh vhqvlwlyh wr wkh qhljkerukrrg
frpsrvlwlrq/ zkhuhdv zh qg wkh rssrvlwh uhvxow wkdw wkh qhljkerukrrg grhv qrw
dhfw wkh mre qglqj udwh ri qrq0Gxwfk zhoiduh uhflslhqwv
9 Frqfoxvlrqv
Lq wklv sdshu zh lqyhvwljdwh wr zkdw h{whqw wkh wudqvlwlrq iurp zhoiduh wr zrun ri
lqglylgxdo zhoiduh uhflslhqwv lv lq xhqfhg e| fkdudfwhulvwlfv ri wkh qhljkerukrrg
wkh| olyh lq1 Zh dqdo|}h d vdpsoh ri zhoiduh uhflslhqwv lq Urwwhugdp/ zklfk lv wkh
vhfrqg odujhvw flw| ri Wkh Qhwkhuodqgv1 Zh glvwlqjxlvk wkuhh jurxsv ri zhoiduh
uhflslhqwv/ Gxwfk mre orvhuv/ qrq0Gxwfk mre orvhuv dqg Gxwfk vfkrro ohdyhuv1 Iru
qrq0Gxwfk mre orvhuv zh gr qrw qg dq| hylghqfh wkdw qhljkerukrrg fkdudfwhu0
lvwlfv ghwhuplqh wkhlu h{lw udwh wr d mre1 Wklv grhv qrw qhfhvvdulo| phdq wkdw wkh
ehkdylru ri qrq0Gxwfk zhoiduh uhflslhqwv lv lqvhqvlwlyh wr vrfldo lqwhudfwlrq1 Lw lv
srvvleoh wkdw wkh vrfldo qhwzrun ri qrq0Gxwfk zhoiduh uhflslhqwv grhv qrw frlqflgh
zlwk wkh qhljkerukrrg/ exw lv rujdql}hg glhuhqwo|1
Rxu hpslulfdo uhvxowv vkrz wkdw wkh qhljkerukrrg dhfwv wkh lqglylgxdo h{lw
udwh wr zrun iru Gxwfk zhoiduh uhflslhqwv1 Prvw vhqvlwlyh wr wkh frpsrvlwlrq ri wkh
qhljkerukrrg duh |rxqj zhoiduh uhflslhqwv1 Wkh h{lw udwh ri |rxqj Gxwfk zhoiduh
uhflslhqwv ghfuhdvhv li wkh xqhpsor|phqw udwh zlwklq wkh qhljkerukrrg lqfuhdvhv1
Rwkhu qhljkerukrrg fkdudfwhulvwlfv/ lq sduwlfxodu krxvlqj sulfhv gr qrw kdyh dq|
hhfw1 Dgglwlrqdoo|/ wkh h{lw udwh ri mre orvhuv lv dovr lq xhqfhg e| xqrevhuyhg
qhljkerukrrg hhfwv1 Gxh wr wkhvh xqrevhuyhg qhljkerukrrg khwhurjhqhlw| zh
revhuyh qhljkerukrrgv lq zklfk wkh zhoiduh uhflslhqwv kdyh rq dyhudjh orzhu h{lw
udwhv wkdq lghqwlfdo zhoiduh uhflslhqwv lq rwkhu qhljkerukrrgv1
Rxu hpslulfdo dqdo|vlv vxhuv iurp lghqwlfdwlrq sureohpv1 Lq sduwlfxodu/
zh duh xqdeoh wr pdnh d gluhfw glvwlqfwlrq ehwzhhq wkh fdvh lq zklfk lqglylgxdo
ehkdylru lv dhfwhg e| wkh qhljkerukrrg dqg wkh fdvh lq zklfk lqglylgxdov fkrrvh
wr olyh lq qhljkerukrrgv zlwk vlplodu ehkdylqj lqkdelwdqwv1 Krzhyhu/ zh duh deoh
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wr pdnh dq lqgluhfw lqihuhqfh derxw wkh qdwxuh ri wkh qhljkerukrrg hhfwv e|
h{dplqlqj zklfk fkdudfwhulvwlfv pdwwhu dqg zklfk fkdudfwhulvwlfv duh luuhohydqw1
Li vhohfwlrq lv wkh gulylqj irufh ri wkh qhljkerukrrg fkdudfwhulvwlfv zh h{shfw
krxvlqj sulfhv wr eh uhohydqw1 Vlqfh iurp rxu hpslulfdo dqdo|vlv lw dsshduv wkdw
wkh| duh qrw/ zh frqfoxgh wkdw vhohfwlrq hhfwv duh qrw yhu| lpsruwdqw1 Zh
frqvlghu wkh xqhpsor|phqw udwh wr eh dq lqglfdwru ri qhjdwlyh vslooryhu hhfwv1
Wkh qhljkerukrrg xqhpsor|phqw udwh dsshduv wr kdyh d qhjdwlyh hhfw rq wkh
wudqvlwlrq iurp zhoiduh wr zrun ri |rxqj zhoiduh uhflslhqwv1 Lw lv wklv jurxs zkr
lq sduwlfxodu lv yxoqhudeoh iru vrfldo lqwhudfwlrq1 Iurp d srolf| srlqw ri ylhz
wklv lpsolhv wkdw zkhq lw frphv wr |rxwk xqhpsor|phqw srolf| vshfldo dwwhqwlrq
vkrxog eh jlyhq wr |rxqj zhoiduh uhflslhqwv lq kljk xqhpsor|phqw qhljkerukrrgv1
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Uhihuhqfhv
Dqjhqhqw/ I1M1D1/ \1E1 Erpphomì dqg J1M1 Vfkhs +4<<6,/ Lqfhqwlyhv iru zho0
iduh uhflslhqwv +lq Gxwfk= Sulnnhov lq gh elmvwdqg,/ YXJD Xlwjhyhulm/ *v0
Judyhqkdjh1
Dqjhqhqw/ I1M1D1/ \1E1 Erpphomì dqg J1M1 Vfkhs +4<<7,/ Iurp zhoiduh wr mre>
derxw wkh srvlwlrq lq wkh oderu pdunhw dqg wkh rxw rz wr zrun ri zhoiduh
uhflslhqwv +lq Gxwfk= Ydq elmvwdqg qddu eddq> ryhu gh srvlwlh rs gh duehlgv0
pdunw hq gh xlwvwurrp ydq zhun ydq folhqwhq lq gh DEZ0vhf2UZZ,/ YXJD
Xlwjhyhulm/ *v0Judyhqkdjh1
Dqjhqhqw/ I1M1D1 dqg M1 ghq Khhwhq +4<<8,/ Sxqlvkphqw ru lqfhqwlyhB Wkh ds0
solfdwlrq ri vdqfwlrqv dv oderu pdunhw lqvwuxphqw lq zhoiduh +lq Gxwfk= Vwudi
ri vwlpxodqvB Khw wrhsdvvhq ydq vdqfwlhv dov duehlgvpdunwlqvwuxphqw lq gh
UZZ,/ YXJD Xlwjhyhulm/ *v0Judyhqkdjh1
Edod/ Y1 dqg V1 Jr|do +4<<;,/ Ohduqlqj iurp qhljkerxuv/ Uhylhz ri Hfrqrplf
Vwxglhv 98/ 8<89541
Ehdq/ F1U1 +4<<7,/ Hxurshdq xqhpsor|phqw= D vxuyh|/ Mrxuqdo ri Hfrqrplf
Olwhudwxuh 65/ 8:694<1
Eodx/ G1P1 dqg S1N1 Urelqv +4<<3,/ Mre vhdufk rxwfrphv iru wkh hpsor|hg dqg
xqhpsor|hg/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ 96:9881
Fdvh/ D1F1 dqg O1I1 Ndw} +4<<4,/ Wkh frpsdq| |rx nhhs= Wkh hhfwv ri idplo|
dqg qhljkerukrrg rq glvdgydqwdjhg |rxwk/ QEHU zrunlqj sdshu qr1 6:381
Fxwohu/ G1P1 dqg H1O1 Jodhvhu +4<<:,/ Duh jkhwwrv jrrg ru edgB/ Wkh Txduwhuo|
Mrxuqdo ri Hfrqrplfv 445/ ;5:;:51
Hvkho/ L1/ O1 Vdpxhovrq dqg D1 Vkdnhg +4<<;,/ Dowuxlvwv/ hjrlvwv dqg krroljdqv lq
d orfdo lqwhudfwlrq prgho/ Dphulfdq Hfrqrplf Uhylhz ;;/ 48:4:<1
Kro}hu/ K1 +4<;;,/ Vhdufk phwkrg xvh e| wkh xqhpsor|hg |rxwk/ Mrxuqdo ri Oderu
Hfrqrplfv 9/ 4531
Kr|qhv/ K1Z1 +4<<9,/ Orfdo oderu pdunhwv dqg zhoiduh vshoov= Gr ghpdqg frq0
glwlrqv pdwwhuB/ QEHU Zrunlqj Sdshu qr1 89761
Nrqlqj/ S1/ J1M1 ydq ghq Ehuj dqg J1 Ulgghu +4<<:,/ D vwuxfwxudo dqdo|vlv ri mre
vhdufk phwkrgv dqg vxevhtxhqw zdjhv/ Zrunlqj Sdshu/ Wlqehujhq Lqvwlwxwh/
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Dpvwhugdp1
Odqfdvwhu/ W1 +4<<3,/ Wkh Hfrqrphwulf dqdo|vlv ri wudqvlwlrq gdwd/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ Fdpeulgjh1
Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq +4<<4,/ Xqhpsor|phqw= Pdfurhfrqrplf
shuirupdqfh rq wkh oderxu pdunhw/ R{irug Xqlyhuvlw| Suhvv/ R{irug1
Olqgherrp/ P1 dqg M1F1 ydq Rxuv +4<<6,/ Pdfur pdwfklqj dqg plfur vhdufk
gxudwlrqv orrnlqj lqvlgh wkh eodfn er{ ri mre irupdwlrq/ lq K1 Exq}ho/ S1 Mhqvhq
dqg Q1 Zhvwhujèug0Qlhovhq +hgv1,/ Sdqho gdwd dqg oderxu pdunhw g|qdplfv/
Hovhylhu Vflhqfh Sxeolvkhuv/ Dpvwhugdp1
Pdqvnl/ F1I1 +4<<6,/ Lghqwlfdwlrq ri hqgrjhqrxv vrfldo hhfwv= Wkh uh hfwlrq
sureohp/ Uhylhz ri Hfrqrplf Vwxglhv 93/ 8648751
Pdqvnl/ F1I1 +4<<8,/ Lghqwlfdwlrq sureohpv lq wkh vrfldo vflhqfhv/ Kduydug Xql0
yhuvlw| Suhvv/ Fdpeulgjh1
Pd|hu/ V1H1 dqg F1 Mhqfnv +4<;<,/ Jurzlqj xs lq srru qhljkerukrrgv= Krz pxfk
grhv lw pdwwhu/ Vflhqfh 576/ 477447781
Prqwjrphu|/ M1G1 +4<<4,/ Vrfldo qhwzrunv dqg oderu0pdunhw rxwfrphv= Wrzdugv
dq hfrqrplf dqdo|vlv/ Dphulfdq Hfrqrplf Uhylhz ;4/ 473;474;1
R*Uhjdq/ N1P1 dqg M1P1 Txljoh| +4<<;,/ Vsdwldo hhfwv xsrq hpsor|phqw rxw0
frphv= Wkh fdvh ri Qhz Mhuvh| whhqdjhuv/ Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdol0
iruqld/ Ehunhoh|1
Vfkhoolqj/ W1F1 +4<:4,/ G|qdplf prghov ri vhjuhjdwlrq/ Mrxuqdo ri Pdwkhpdwlfdo
Vrflrorj| 4/ 4764;91
Wrsd/ J1 +4<<:,/ Vrfldo lqwhudfwlrqv/ orfdo vslooryhuv dqg xqhpsor|phqw/ Zrunlqj
Sdshu/ Qhz \run Xqlyhuvlw|1
Ydq Dqgho/ K1J1 dqg \1E1 Erpphomì +4<<9,/ Lqwr dqg rxw ri zhoiduh +Lq Gxwfk=
Lq hq xlw gh elmvwdqg,/ YXJD Xlwjhyhulm/ cv0Judyhqkdjh1
Ydq ghq Ehuj/ J1M1 dqg F1 Jruwhu +4<<:,/ Mre vhdufk dqg frppxwlqj wlph/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 48/ 59<5;41
Ydq ghq Ehuj/ J1M1/ E1 ydq ghu Noddxz dqg M1F1 ydq Rxuv +4<<;,/ Sxqlwlyh vdqf0
wlrqv dqg wkh wudqvlwlrq udwh iurp zhoiduh wr zrun/ Zrunlqj Sdshu/ Wlqehujhq
Lqvwlwxwh/ Dpvwhugdp dqg FhqwHU Glvfxvvlrq Sdshu/ Wloexuj xqlyhuvlw|1
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Mre orvhuv Vfkrro ohdyhuv
Gxwfk Qrq0Gxwfk Gxwfk
H{lw Rev Fhq Wrw Rev Fhq Wrw Rev Fhq Wrw
Lqglylgxdo fkdudfwhulvwlfv
Djh 4;58 84( 7<( 55<; 6;( 95( ::3 96( 6:( ;6;
Djh 5968 75( 8;( 534; 5:( :6( :44 9;( 65( 43:
Djh 6978 64( 9<( ;9: 55( :;( 586   3
Djh 7988 59( :7( 6<4 48( ;8( 443   3
Djh 8998 44( ;<( :< 3( 433( 55   3
Pdoh 78( 88( 6779 64( 9<( 4785 9;( 65( 83:
Ihpdoh 6;( 95( 553: 56( ::( 747 8<( 74( 76;
Qrw pduulhg 75( 8;( 833; 5<( :4( 448; 96( 6:( ;<9
Pduulhg 7:( 86( 978 63( :3( :3; :;( 55( 7<
Qr fkloguhq 78( 88( 79<8 65( 9;( 4534 97( 69( <59
Fkloguhq 64( 9<( <8; 58( :8( 998 6:( 96( 4<
Froohfwhg zhoiduh ehiruh 73( 93( 6458 63( :3( 4388 97( 69( <78
Qhz folhqw 79( 87( 585; 5<( :4( ;44   3
Qrw pduulhg/ qr nlgv 77( 89( 7739 64( 9<( 4343 97( 69( ;;7
Pduulhg ru nlgv 69( 97( 457: 5:( :6( ;89 99( 67( 94
Qhljkerukrrg fkdudfwhulvwlfv
Xqhpsor|phqw udwh 3145 3146 3146 3147 3147 3147 3145 3146 3145
Qrq0Gxwfk lqkdelwdqwv +(, 317: 3183 317< 3189 3189 3189 3179 3185 317<
Dyhudjh lqfrph +f 43333, 41:6 419; 41:3 4189 418: 4189 41:; 419: 41:7
Dyhudjh sulfh ri krxvhv +f 43333, :178 :13: :156 9173 9176 9175 :1;6 :154 :193
Qxpehu ri ixooohg mrev 5<:; 5<<; 5<<3 584; 588: 5879 735; 6734 6;33
Prylqj0prelolw| 4<8 535 4<< 543 53< 53< 4<< 544 536
Fulph udwh 3148 3148 3148 3146 3146 3146 314< 314: 314<
Wrwdo 75( 8;( 8986 63( :3( 4;99 97( 69( <78
H{sodqdwru| qrwh= Wkh xsshu kdoi ri wkh wdeoh vkrzv krz zhoiduh uhflslhqwv zlwk d fhuwdlq lqglylgxdo fkdudfwhu0
lvwlf duh glvwulexwhg ryhu wkh vxevdpsohv ghqhg e| zkhwkhu d wudqvlwlrq iurp zhoiduh wr zrun lv revhuyhg +Rev,
ru qrw +Fhq,1 Wkh odvw froxpq +Wrw, jlyhv wkh wrwdo qxpehu ri zhoiduh uhflslhqwv lq wkh vxevdpsohv1 Wkh orzhu
kdoi ri wkh wdeoh vkrzv dyhudjhv ri wkh qhljkerukrrg fkdudfwhulvwlfv ryhu wkh deryh ghqhg jurxsv ri zhoiduh
uhflslhqwv1 Wkh odvw froxpq +Wrw, jlyhv wkh ixoo vdpsoh dyhudjhv1
Wdeoh 4= Vrph fkdudfwhulvwlfv ri wkh gdwd vhw1
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H{lw kd}dug H{lw kd}dug H{lw kd}dug H{lw kd}dug
w w w w
Gxudwlrq ghshqghqfh
b f f f f
b2 ffee EffS ffD EffS2 ffeb EffH2 ffD Effbf
b 3f. EffSH 3fD EffSb 3fS Eff.b 3fD EffHS
be 3f Eff.S 3f Eff.S 3f2 Ef2 3f2 Ef
bD 3fb EffH 3fS EffH 3f. Ef 3f. Ef
bS 3fe. EffH. 3fee EffH. 3feD Ef2 3fee Ef
b. 3fDD Effbe 3fD Effbe 3fD Ef 3fD2 Ef2
bH 3fbD Ef2 3fb2 Ef2 3fb EfS 3fb2 Ef.
bb 3ff Efe 3fb. Efe 3fbH Ef2 3fbH Ef2
bf 3eb Ef2 3eD Ef2e 3e. Ef2 3e. Ef
Lqglylgxdo fkdudfwhulvwlfv
Djh 5968 3f2. Effe. 3f2H EffeH 3f2. EffHf 3fDH Ef2f
Djh 6978 3fSS Eff.2 3f.f Eff.2 3fSH Ef2 3f Ef2H
Djh 7988 3fb. Eff 3f Ef 3f Ef 32D EfD
Djh 8998 3bH Efe 32fS Efe 32f2 EfDe 3H EfH
Ihpdoh 3ffHe EffeD 3ff EffeS 3ffHH EffDb 3ffHS EffS
Pduulhg fS. Ef2 fS. Ef2 fSS Ef2f fSS Ef22
Fkloguhq 3f2H Ef2 3f2S Ef2 3f2. EfH 3f2S Efb
Qhz folhqw fH Effe2 fS Effe2 fS EffDD fS EffSe
Pduulhg ru nlgv 3fb EfD 3fb EfD 3fef Ef2D 3fb Ef2D
Qhljkerukrrg fkdudfwhulvwlfv
Xqhpsor|phqw udwh 3ef Efbe
Lqwhudfwlrq xqhpsor|phqw udwh f djh
Djh 4;58 3e.D Efbb
Djh 5968 3222 ESH
Djh 6978 32 E2e
Djh 7988 32Sb E2H2






Xqrevhuyhg khwhurjhqhlw| +rq qhljkerukrrg ohyho,

@
32eS Efb 322. Efb

K
32. EfS 32DD EfS
R
@ f2H Ef f2H Ef
R
K f.2 Ef.b f.2 Ef.H
*L}n 043:64168 0439871<; 043:33185 0439<819;
 8986 8986 8986 8986
H{sodqdwru| qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
Wdeoh 5= Hvwlpdwlrq uhvxowv iru wkh jurxs ri Gxwfk mre orvhuv1
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H{lw kd}dug H{lw kd}dug H{lw kd}dug H{lw kd}dug
w w w w
Gxudwlrq ghshqghqfh
b f f f f
b2 f2H Efe f EfD f2H Efe f2H Efe
b f. EfD f2f EfD f. EfD f. EfD
be 3fS Ef. 3f2 Ef. 3fS Ef. 3fS Ef.
bD 3fe EfH 3f2b Efb 3fe EfH 3fe EfH
bS 3fe Efb 3fH Ef2f 3fe Efb 3fe Efb
b. ffH Ef. fe Ef. ffH Ef. ffH Ef.
bH 3fDD Ef22 3feb Ef22 3fDD Ef22 3fDD Ef22
bb 3fD. Ef2S 3fDf Ef2S 3fD. Ef2S 3fD. Ef2S
bf 3De EfD 3eD EfD2 3De EfD2 3D EfD
Lqglylgxdo fkdudfwhulvwlfv
Djh 5968 3fb EffbH 3fee Eff 3fb EffbH 3fD EfH
Djh 6978 3fDS EfD 3fD. EfS 3fDS EfD 3f EfDS
Djh 7988 3 Ef2D 32 Ef2. 3 Ef2D 3fe EfHf
Djh 8998 3" 3" 3" 3"
Ihpdoh 3fH Ef2 3fe Ef 3fH Ef2 3fH Ef2
Pduulhg f2H Ef2e f2 Ef2e f2H Ef2e f2b Ef2e
Fkloguhq 3f EfD 3f EfS 3f EfD 3f EfD
Qhz folhqw 3ffS EffH. 3fff.2 Effb 3ffS EffHH 3ffe EffHH
Pduulhg ru nlgv 3fD Ef2. 3f Ef2H 3fD Ef2. 3fS Ef2.
Qhljkerukrrg fkdudfwhulvwlfv
Xqhpsor|phqw udwh 3f2f ES
Lqwhudfwlrq xqhpsor|phqw udwh f djh
Djh 4;58 f. ESS
Djh 5968 3Db Eb
Djh 6978 SD Ee
Djh 7988 3DfD EDDe
Djh 8998 3
Lqwhufhsw




*L}n 05::416< 05:6;197 05::416; 05::3146
 4;99 4;99 4;99 4;99
H{sodqdwru| qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
Wdeoh 6= Hvwlpdwlrq uhvxowv iru wkh jurxs ri qrq0Gxwfk mre orvhuv1
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H{lw kd}dug H{lw kd}dug H{lw kd}dug
w w w
Gxudwlrq ghshqghqfh
b f f f
b2 ff2S Ef ffbS Ef ffe Ef
b 3f. Ef 3ffS Ef 3fe Ef
be 3fDb EfS 3feD Ef. 3fDe EfS
bD 3fe2 Ef. 3f2S Ef. 3fS Ef.
bS 3S Ef2D 3fbH Ef2D 3fb Ef2D
b. 3fb Ef2e 3f.2 Ef2e 3fHe Ef2e
bH 32S Eff 3fS Eff 3b Eff
bb 3D. Efe2 3. Efe2 3D Efe2
bf 32fS Ef. 3Hb Ef.2 32f Ef.
b 32f. Eff 3be Ef2 32f Eff
Lqglylgxdo fkdudfwhulvwlfv
Ihpdoh 3fD EffH 3f2 Effbf 3fe EffHe
Pduulhg fDD EfH fDb Ef2 fSf Efb
Fkloguhq 32 Efee 32S EfD 322 EfeD
Qhljkerukrrg fkdudfwhulvwlfv
Xqhpsor|phqw udwh 3ebe EfH
Lqwhufhsw




*L}n 05554136 054:319< 05537133
 <78 <78 <78
H{sodqdwru| qrwh= Vwdqgdug huuruv lq sduhqwkhvhv1
Wdeoh 7= Hvwlpdwlrq uhvxowv iru wkh jurxs ri Gxwfk vfkrro ohdyhuv1
5:
Xqhpso1 Xqrev1 Lqglylgxdo
udwh fkdudf1 M N
Gxwfk mre orvhu
8( @ 3198 315;
48( @ 317; 3155
8( K 3187 3155
48( K 316< 314:
Qrq0Gxwfk mre orvhu
8(  315< 3144
48(  315< 3144
Gxwfk vfkrro ohdyhuv
8(  31:5 0
48(  3187 0
H{sodqdwru| qrwh= Lqglylgxdo M lv vlqjoh olylqj/ 58 |hduv rog pdq zlwkrxw fkloguhq zkr qhyhu froohfwhg zhoiduh
ehqhwv ehiruh1 Lqglylgxdo N lv lghqwlfdo wr lqglylgxdo M h{fhsw wkdw kh lv 83 |hduv rog1 Lw pljkw eh fohdu wkdw
Lqglylgxdo N fdq qrw eh d vfkrro ohdyhu1 Iru erwk w|shv ri zhoiduh uhflslhqwv zh frpsxwhg wkh suredelolw| ri
ohdylqj zhoiduh wr zrun zlwklq rqh |hdu frqglwlrqdo rq olylqj lq d qhljkerukrrg zlwk d kljk xqhpsor|phqw udwh
+48(, ru lq d qhljkerukrrg zlwk d orz xqhpsor|phqw udwh +8(,1 Ixuwkhupruh/ li wkh lqglylgxdo lv d Gxwfk mre
orvhuv zh dovr wdnh wkh glvshuvhg xqrevhuyhg khwhurjhqhlw| rq qhljkerukrrg ohyho lqwr dffrxqw +iru wkh rwkhu
vxevdpsohv zh glg qrw qg glvshuvhg xqrevhuyhg khwhurjhqhlw|,1
Wdeoh 8= Hvwlpdwhg suredelolwlhv wr qg d mre zlwklq rqh |hdu diwhu hqwhulqj wkh
zhoiduh ehqhw v|vwhp> wkuhh jurxsv ri zhoiduh uhflslhqwv1
5;
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